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ABSTRACT 
A d e t a i l e d q u a n t i t a t i v e study of the morphological 
v a r i a t i o n s of e x t r a f u s a l motor end-plates of normal cat hindlimb 
muscles as seen i n teased s i l v e r impregnated preparations was 
undertaken. 
The p r i n c i p a l aim was to examine the hypothesis 
th a t end-plates undergo growth and degeneration i n a process 
of c y c l i c degeneration and renewal ('replacement'). 
A new c l a s s i f i c a t i o n of the morphological complexity 
of end-plates was devised and the three muscles studied 
(peroneus b r e v i s , peroneus d i g i t i q u i n t i and soleus) show 
c h a r a c t e r i s t i c v a r i a t i o n s i n the proportions of complex endings, 
and i n the size r e l a t i o n s h i p s of end-plates and muscle f i b r e s . 
These v a r i a t i o n s are not r e l a t e d to d i f f e r e n c e s i n the proportions 
of muscle f i b r e s of the three p r i n c i p a l histochemical types. 
The existence of growth and degeneration of end-plates 
was confirmed, but no new end-plates are formed. Hence the 
'replacement' hypothesis i s regarded as untenable. Instead, 
i t i s suggested t h a t growth leads to the formation of end-plates 
of greater complexity ( ' e l a b o r a t i o n ' ) , and degeneration to the 
loss of muscle f i b r e s commonly observed i n ageing mammals. 
The examination of muscles from cats aged 6 - 18 years supports 
t h i s concept because there i s a s t r i k i n g increase i n the 
proportions of complex end-plates and the number of muscle 
f i b r e s i s reduced. 
By analogy w i t h the formation of end-plates, 
i t i s suggested that 'elaboration' during ageing i s a response 
to the in c r e a s i n g f u n c t i o n a l demands i n d i c a t e d by the increased 
( v i i ) 
body weights and muscle f i b r e diameters. An attempt to t e s t 
the e f f e c t s of use and disuse i n k i t t e n s was unsuccessful. 
However, su r g i c a l l y - i n d u c e d hypertrophy of soleus i n a young 
adult cat r e s u l t e d i n an increased p r o p o r t i o n of l a r g e r , 
more complex end-plates w i t h more numerous, longer axon 
terminals. This s t r o n g l y suggests t h a t 'elaboration' i s 
indeed a response to f u n c t i o n a l demand. 
The observations are discussed i n r e l a t i o n to current 
views of the neuromuscular system. 
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INTRODUCTION 
Since Doyere (18*1-0) established the f a c t t h a t motor 
nerves terminate on muscle f i b r e s , the morphology of such 
neuromuscular j u n c t i o n s has been the subject of numerous 
studies and considerable v a r i a t i o n s according to species 
(Kuhne, l88?; Cole, 1955) and muscle (Cole, 1957) have 
been described. Mavrinskaya (1962) has summarized many 
of these comparative i n v e s t i g a t i o n s and concludes th a t there 
i s an e v o l u t i o n a r y trend f o r motor nerve endings to become 
more compact and to i n v o l v e greater s p e c i a l i z a t i o n of the 
underlying p a r t of the muscle f i b r e . The subject of t h i s 
study i s the motor end-plate. The term motor end-plate was 
coined by Krause (1863) to describe the compact type of 
neuromuscular j u n c t i o n i n the r e t r a c t o r b u l b i muscle of the 
cat, and i s used throughout t h i s account to r e f e r to s i m i l a r 
s t r u c t u r e s on the e x t r a f u s a l muscle f i b r e s of mammalian 
s k e l e t a l muscles. Such endings are a l l of the compact 
•en plaque' form w i t h a marked sole-plate or eminence of 
Doyere, i n contrast to the more d i f f u s e , varicose 'en grappe 1 
endings w i t h poorly-developed sole-plates found, f o r example, 
i n the tonus bundle of the f r o g i l i o f i b u l a r i s . 
end-plate) studied i s the form of the nervous elements, as 
d i s t i n c t from the muscle component (or sub-neural apparatus). 
Also included i s the appearance of the terminal nerve f i b r e s 
from the p o i n t at which they leave the small intramuscular 
nerve trunks to t h e i r termination on the muscle f i b r e s . 
The p r i n c i p a l aspect of the motor end-plate (or 
718U'; 
t o o t 
U?5 
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Vari a t i o n s i n the form of motor end-plates i n 
experimental and p a t h o l o g i c a l c o n d i t i o n s have been much 
in v e s t i g a t e d during the l a s t three decades (e.g. Carey, 194-1; 
Edds, 1950; Coers & Woolf, 1959), and diagnostic s i g n i f i c a n c e 
has been a t t r i b u t e d to some of them (e.g. A l l e n , Johnson & 
Woolf, I 9 6 9 ) . However, c l i n i c a l studies have been handicapped 
by the d i f f i c u l t y of e s t a b l i s h i n g the normal range of v a r i a t i o n 
and of ob t a i n i n g adequate numbers of end-plates f o r examination. 
The development of the methods of i n v e s t i g a t i o n and 
the changes i n the understanding of the motor end-plate from 
the ' c l a s s i c a l ' d e s c r i p t i v e studies to the 'modern' f u n c t i o n a l 
or c l i n i c a l studies have r e c e n t l y been f u l l y reviewed by 
Zacks (1964). The modern view of the end-plate as a l a b i l e 
s t r u c t u r e received dramatic confirmation from the observation 
th a t the end-plates of normal muscles of healthy young ad u l t 
animals show evidence of growth and degeneration (Barker & I p , 
1965, 1966). These authors postulated that end-plates do not 
p e r s i s t unchanged throughout the l i f e of the animal, but 
degenerate and are replaced by new outgrowths from ter m i n a l axons. 
Barker & Ip were able to make t h e i r observations because they had 
developed a technique f o r demonstrating the te r m i n a l i n n e r v a t i o n 
w i t h a c l a r i t y and completeness which had not been a t t a i n e d by 
e a r l i e r workers (Barker & I p , 1963). 
Thus, the increasing importance of end-plate 
morphology i n c l i n i c a l studies and the development of a g r e a t l y 
improved s t a i n i n g technique make a d e t a i l e d q u a n t i t a t i v e 
examination of i t s v a r i a t i o n s i n normal muscles both desirable 
3 
and p o s s i b l e . The present account i s of such an i n v e s t i g a t i o n , 
the p r i n c i p a l aim of which i s to eluci d a t e the nature of the 
'replacement' of end-plates suggested by Barker & I p , while 
gaining a more complete understanding of the normal range of 
v a r i a t i o n i n the form of motor end-plates. 
4 
MATERIALS AND METHODS 
1. Choice of species 
Since the object of t h i s study was to i n v e s t i g a t e 
v a r i a t i o n s i n the morphology of motor end-plateSjanimal muscles 
were used so tha t large numbers of end-plates could be obtained 
from a si n g l e muscle, thus o b v i a t i n g one of the ch i e f d i f f i c u l t i e s 
of c l i n i c a l s t udies. I n order to i s o l a t e the v a r i a t i o n s due to 
growth and degeneration, i t was necessary to elimin a t e the other 
possible sources of v a r i a t i o n discussed above. V a r i a t i o n s due 
to species d i f f e r e n c e s were eliminated by r e s t r i c t i n g a l l the 
observations to muscles of the cat. This species had several 
other advantages f o r t h i s study. F i r s t l y , the p r i n c i p a l 
observations of Barker & Ip (1965, 1966) on the growth and 
degeneration of end-plates were made on the cat . Secondly, 
the sequence of the morphological changes of end-plates a f t e r 
nerve section was established (Barker & Negus, unpublished; 
Barker, Stacey & Adal, 1970) and the preparations were a v a i l a b l e 
f o r examination. Moreover, a r e l i a b l e technique f o r s i l v e r 
impregnation of nerve endings had been developed f o r cat muscles 
(Barker & I p , 1963) and tedious m o d i f i c a t i o n of e x i s t i n g methods 
could be avoided. Since a great deal i s already known about 
other aspects of the i n n e r v a t i o n and p h y s i o l o g i c a l p r o p e r t i e s 
of cat hindlimb muscles (e.g. Barker, 1962; B u l l e r , 1965; 
Stacey, 1969; Barker e_t a l . , 1970), the r e s u l t s of the present 
study may co n t r i b u t e d i r e c t l y to t h i s body of knowledge and thence 
to the understanding neuromuscular r e l a t i o n s h i p s as a whole. 
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I n i t i a l l y , a l l the animals selected f o r t h i s study 
were healthy young a d u l t s , i . e . over 6 months old and weighing 
over 2.0kg. ( c f . Nystrom, 19'68c). Subsequently, i t became 
necessary to examine the t e r m i n a l i n n e r v a t i o n of much older 
animals, and cats aged 6, 10, 18 and 19 years were obtained. 
Lansing (1959) gives the normal l i f e - s p a n of the cat as 9-10 
years, although i n d i v i d u a l animals have a t t a i n e d c e r t a i n l y 28 
and possibly 33 years (Comfort, 1956). Both on t h i s basis 
and t h e i r general appearance the 18 and 19 year old cats were 
considered to be s e n i l e . The ages of the p r i n c i p a l animals 
used i n t h i s study are given i n Table 1. 
2. Choice of muscles 
Only muscles of the lower p a r t of the hindlimb were 
used, thereby minimizing d i f f e r e n c e s i n the distance from the 
s p i n a l cord as a possible f a c t o r i n v a r i a t i o n s i n the t e r m i n a l 
i n n e r v a t i o n . This was p a r t i c u l a r l y important when using muscles 
from ageing cats, since i t i s suspected that the more d i s t a l 
muscles undergo changes e a r l i e r than the more proximal ones 
(Harriman, Taverner & Woolf, 1970). 
The three peroneal muscles, which are f l e x o r s and 
extensors of the f o o t ( M i v a r t , l 8 8 l ; Barker et a l . , 1970), 
were selected as the p r i n c i p a l muscles f o r study because of 
t h e i r a c c e s s i b i l i t y and convenient small size f o r processing 
i n a v a r i e t y of ways. Of these three muscles the smallest, 
peroneus d i g i t i q u i n t i (PDQ) was examined most i n t e n s i v e l y . 
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Peroneus b r e v i s (PB) and peroneus longus (PL) were examined i n 
less d e t a i l i n order to ensure t h a t the observations on PDQ 
were g e n e r a l l y v a l i d f o r other f a s t muscles, and to determine 
whether r e l a t i v e l y s l i g h t d i f f e r e n c e s i n c o n t r a c t i l e c h a r a c t e r i s t i c s 
(as i n d i c a t e d by the histochemical studies of Barker e_t a l . , 1970) 
were r e f l e c t e d i n the terminal i n n e r v a t i o n . 
The soleus muscle, which, has a much slower speed of 
c o n t r a c t i o n ( B u l l e r , 1965) and muscle f i b r e s of a single h i s t o -
chemical type (Engel, Brooke & Nelson, 1965; Nystrom, 1968c), 
was also examined i n d e t a i l . Thus i t was hoped th a t the sources 
of v a r i a t i o n of end-plate morphology would be minimized, while a. 
s u f f i c i e n t d i v e r s i t y of muscles was examined to permit the 
evaluation of the r e s u l t s with respect to the f u n c t i o n of the 
muscle f i b r e s . The sources of the p r i n c i p a l muscles used i n 
the present study, together w i t h t h e i r subsequent treatment, are 
summarized i n Table 1. 
3. Operative procedures 
Because the p r i n c i p a l object of the present i n v e s t i g a t i o n 
was to determine the extent of growth and degeneration of normal 
motor end-plates, very few operated muscles were used. Two 
series of experiments were c a r r i e d out to t e s t the e f f e c t s of 
use and disuse on experimental muscles. A l l the operations 
were performed w i t h f u l l aseptic precautions under sodium 
pentobarbitone B.P. (40mg/kg i . p . ) anaesthesia. 
TABLE 1. P r i n c i p a l animals and muscles used 
A l l the cats were 6 - 18 months o l d and 
weighed over 2kg ('young a d u l t s ' ) , unless 
otherwise s p e c i f i e d . The procedure, to 
which each muscle was subjected i s i n d i c a t e d 
( d e t a i l s i n t e x t ) . 
Cat No. Age Muscles Procedure 
Kl 10 weeks PB, PDQ, PL, soleus Holmes silver method 
C230 PDQ Silver impregnation 
C251 PDQ Nerve section and silver 
impregnation 
C254 PB. PDQ (2). soleus Silver impregnation 
C268 PDQ Electron microscopy 
C293 6 years soleus Silver impregnation 
C294 10 years PDQ. soleus (2) Silver impregnation 
C295 PDQ Combined cholinesterase and 
succinic dehydrogenase 




C297 19 years PDQ Paraffin sections 
C303 PB. PDQ, PL. soleus Histochemistry (frozen 
sections) 
C306 soleus Hypertrophy and silver 
impregnation 
< SEP 1972 
7 
3.1 Tenotomy and e x e r c i s e 
The e x p e r i m e n t a l animals were f o u r k i t t e n s ( l i t t e r -
mates) aged 8 weeks, the age a t which the e n d - p l a t e s were l i k e l y 
t o have j u s t reached the a d u l t form (Nystrom, 1968b). The r i g h t 
A c h i l l e s tendon o f one a n i m a l was s e c t i o n e d and the tenotomy 
m a i n t a i n e d f o r 10 days. T h i s was the time taken f o r n o t i c e a b l e 
adhesions t o form between the c u t end o f the tendon and t h e 
s u r r o u n d i n g t i s s u e s and determined the d u r a t i o n o f the e x p e r i m e n t a l 
p e r i o d . D u r i n g t h i s p e r i o d a second ani m a l was e x e r c i s e d d a i l y 
on a m o t o r - d r i v e n a c t i v i t y wheel. The i n t e n s i t y and d u r a t i o n 
o f the e x e r c i s e was a d j u s t e d d a i l y so t h a t i t always appeared 
t o be maximal. Care was taken t o ensure t h a t t h e a n i m a l was 
n o t d e p r i v e d o f food or m i l k d u r i n g the e x e r c i s e p e r i o d . 
The two r e m a i n i n g animals were used as c o n t r o l s , 
one a t t h e b e g i n n i n g and one a t the end o f the e x p e r i m e n t a l p e r i o d . 
The body w e i g h t s o f these t h r e e animals were r e c o r d e d d a i l y . The 
w e i g h t s o f the gastrocnemius and s o l e u s muscles were weighed 
i m m e d i a t e l y a f t e r e x c i s i o n from t h e a n i m a l s . The muscles o f 
a l l t h e a n i m a l s were f i x e d i n n e u t r a l i z e d f o r m a l i n f o r 10 days, 
embedded i n p a r a f f i n wax, s e c t i o n e d l o n g i t u d i n a l l y and s t a i n e d 
a c c o r d i n g t o the Holmes s i l v e r method ( i n f r a , 6.1) t o demonstrate 
the t e r m i n a l i n n e r v a t i o n . S i l v e r i m p r e g n a t i o n s o f the whole 
muscles were n o t a t t e m p t e d because p r e l i m i n a r y t r i a l s had shown 
t h a t k i t t e n muscles d i d n o t s t a i n s a t i s f a c t o r i l y w i t h t h i s 
t e c h n i q u e . 
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3.2 S u r g i c a l l y - i n d u c e d h y p e r t r o p h y 
A second a t t e m p t was made t o determine the e f f e c t s 
o f i n c r e a s e d use on the morphology o f the motor e n d - p l a t e s . 
The tendon o f the r i g h t ["soleus^muscle o f a young a d u l t c a t (C306) 
was s e c t i o n e d , l e a v i n g t h a t o f the jgastrocrfemius' i n t a c t . About 
0.5cm o f the soleus tendon was removed i n ord e r t o disc o u r a g e 
r e g e n e r a t i o n . I n t h i s way i t was expected t h a t t h e gastrocnemius 
would be s u b j e c t e d t o g r e a t e r l o a d i n g due t o t h e l o s s o f f u n c t i o n 
o f i t s major s y n e r g i s t ( c f . Rowe & Golds p i n k , 1968). The anima l 
was examined every few days and when t h e r e was any s i g n o f the 
f o r m a t i o n o f adhesions between the s e c t i o n e d tendons and the 
s u r r o u n d i n g t i s s u e s , the l i m b was f l e x e d t o break them down 
( B u l l e r & Lewis, 1965). I n t h i s way the tenotomy was m a i n t a i n e d 
f o r 8*f days. The gastrocnemius and sol e u s muscles were e x c i s e d 
and impregnated w i t h s i l v e r a c c o r d i n g t o the m o d i f i e d de Castro 
method ( i n f r a , 5.1)• 
k. Removal o f muscles 
A l l the muscles used were removed from t h e animals 
under s t a n d a r d c o n d i t i o n s as f a r as p o s s i b l e , whatever the 
subsequent t r e a t m e n t . The an i m a l was g i v e n a f a t a l i n t r a -
p e r i t o n e a l dose o f sodium p e n t o b a r b i t o n e B.P. (appr o x . 60mg/kg) 
and t h e muscles e x c i s e d between the onset o f deep s u r g i c a l 
a n a e s t h e s i a and deat h . I n the case o f the 6, 18, and 19 year 
o l d a n i m a l s the sodium p e n t o b a r b i t o n e was a d m i n i s t e r e d by i n t r a -
c a r d i a c i n j e c t i o n and t h e muscles taken 1 - 2khr p o s t mortem. 
I n some i n s t a n c e s the muscles were weighed i m m e d i a t e l y a f t e r 
removal from t h e a n i m a l . 
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The t r e a t m e n t s t o which t h e muscles were then 
s u b j e c t e d were o f two b a s i c t y p e s . F i r s t l y , t e c h n i q u e s u s i n g 
whole muscles, f o r the e x a m i n a t i o n o f t h e i r t e r m i n a l i n n e r v a t i o n . 
Secondly, t e c h n i q u e s u s i n g s e c t i o n s t o study t h e h i s t o c h e m i s t r y 
and morphology o f the muscle f i b r e s . I n a d d i t i o n t o t h e s e , 
one PDQ muscle was prepared f o r e l e c t r o n microscopy. 
5. Techniques f o r whole muscles 
C l e a r l y , f o r the e x a m i n a t i o n o f such a d i f f u s e e n t i t y 
as the t e r m i n a l i n n e r v a t i o n , p r e p a r a t i o n s o f whole muscles are 
t o be p r e f e r r e d t o s e c t i o n s , s i n c e t h e y w i l l g i v e a more complete 
p i c t u r e and a v o i d e r r o r s due t o r e c o n s t r u c t i o n from s e r i a l s e c t i o n s . 
5.1 M o d i f i e d de Castro s i l v e r i m p r e g n a t i o n 
The s e l e c t i o n o f the p r i n c i p a l s t a i n i n g method t o be 
used i s c r i t i c a l i n any h i s t o l o g i c a l s t u d y . I n the p r e s e n t 
i n v e s t i g a t i o n i t i s o f paramount importance s i n c e the m a n i f e s t -
a t i o n s o f the growth o f the t e r m i n a l axon ( B a r k e r & I p , 1965> 1966) 
c o n s i s t o f e x t r e m e l y f i n e n o n-myelinated o u t g r o w t h s and c o u l d 
e a s i l y pass unobserved w i t h a coarse s t a i n i n g method. 
The m o d i f i e d de Castro method f o r t h e s i l v e r 
i m p r e g n a t i o n o f t e r m i n a l i n t r a m u s c u l a r nerve f i b r e s and t h e i r 
endings was p r e f e r r e d t o o t h e r t e c h n i q u e s f o r whole muscles 
( v i d e i n f r a 5»3 and because o f i t s g r e a t e r r e l i a b i l i t y 
and c l a r i t y o f i m p r e g n a t i o n o f nerve f i b r e s and t h e i r e ndings. 
T h i s t e c h nique has the a d d i t i o n a l advantage t h a t i t enables the 
nodes o f Ranvier t o be d i s t i n g u i s h e d ( c f . Stacey, 1969), 
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p e r m i t t i n g the exact d e t e r m i n a t i o n o f the p o i n t o f o r i g i n o f 
the o u t g r o w t h s . There i s a l s o a u s e f u l amount o f g e n e r a l 
s t a i n i n g o f o t h e r s t r u c t u r e s such as c a p i l l a r i e s and n u c l e i 
and i n most cases the area o f t h e s o l e - p l a t e can be d i s t i n g u i s h e d . 
5.11 Procedure. The m o d i f i c a t i o n s o f Barker e_t a l . 
(1970) o f the o r i g i n a l method d e s c r i b e d by Barker & I p (1963) 
were adopted. The s u g g e s t i o n o f I p (1967) t h a t the f i x a t i v e be 
changed d a i l y was t r i e d i n some cases, b u t caused no a p p r e c i a b l e 
d i f f e r e n c e i n s t a i n i n g p r o p e r t i e s and was not g e n e r a l l y used. 
A l l t h e muscles from a g i v e n a n i m a l were passed s i m u l t a n e o u s l y 
t h r o u g h t h e same s o l u t i o n s . The volume o f each s o l u t i o n was 
about 200ml f o r 20g muscle. A l l the s o l u t i o n s were f r e s h l y 
prepared i m m e d i a t e l y b e f o r e use and the c o n d i t i o n s s t a n d a r d i z e d 
as f a r as p o s s i b l e . A b r i e f d e s c r i p t i o n o f the procedure f o l l o w s . 
The l a b e l l e d muscles were p l a c e d i n f i x a t i v e ( c h l o r a l 
h y d r a t e , l g ; 93% a l c o h o l , k3ml; d i s t i l l e d w a t e r , 50ml; 
cone, n i t r i c a c i d , 1ml) f o r 6 days. A l o n g i t u d i n a l i n c i s i o n 
was made i n l a r g e r muscles such as soleus t o f a c i l i t a t e t h e 
p e n e t r a t i o n o f r e a g e n t s . The muscles were washed f o r 2*fhr i n 
r u n n i n g f i l t e r e d t a p w a t e r , and p l a c e d i n ammoniacal a l c o h o l 
(k drops 0.880 ammonium h y d r o x i d e i n 100ml 95% a l c o h o l ) . 
A f t e r b l o t t i n g , t h e t i s s u e was i n c u b a t e d i n 1.3% aqueous s i l v e r 
n i t r a t e a t 37°C i n the dark f o r 5 days, and reduced i n 2% 
hydroquinone i n 25% f o r m i c a c i d . F i n a l l y , the muscles were 
t h o r o u g h l y washed i n d i s t i l l e d water and p l a c e d i n g l y c e r o l 
f o r a t l e a s t a week b e f o r e t e a s i n g . 
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S l i d e s o f m a t e r i a l t r e a t e d i n t h i s way were prepared 
by s e p a r a t i n g a s m a l l p i e c e o f the muscle by b l u n t d i s s e c t i o n 
and squashing under a s l i d e i n g l y c e r o l . T h i s 'squash' 
p r e p a r a t i o n was examined w i t h a Z e i s s Stereomicroscope I I 
u s i n g b o t h i n c i d e n t and t r a n s m i t t e d l i g h t and s e l e c t e d p o r t i o n s 
teased out w i t h f i n e s u r g i c a l n e e d l e s , mounted i n g l y c e r o l and 
the c c v e r s l i p sealed w i t h ' G l y c e e l ' (George T. Gurr L t d . ) o r , 
b e t t e r , p i t c h . 
5.12 E x a m i n a t i o n . A l l p r e p a r a t i o n s were examined 
u s i n g a Z e i s s GFL microscope w i t h xl2.5 e y e p i e c e s . The x l O , 
x25 and xlOO o b j e c t i v e s were 'Planapo' q u a l i t y and the xkO 
' N e o f l u o r 1 . The range o f m a g n i f i c a t i o n s was f u r t h e r i n c r e a s e d 
by an accessory l e n s system ('Optovar'). 
Only w e l l - s t a i n e d sprays o f e n d - p l a t e s were s e l e c t e d 
f o r d e t a i l e d s t u d y , and a l l the e n d - p l a t e s i n a s e l e c t e d spray 
were i n c l u d e d i n the sample, i n o r d e r t o minimize s u b j e c t i v e 
b i a s . Each e n d - p l a t e was examined a t a m a g n i f i c a t i o n o f a t 
l e a s t x300 and the presence o f s i g n s o f growth and d e g e n e r a t i o n 
n o t e d . The F u n c t i o n a l T e r m i n a l I n n e r v a t i o n R a t i o (F.T.I.R:) 
was determined f o r each sample o f e n d - p l a t e s from a g i v e n muscle. 
I n some muscles the number o f axon t e r m i n a l s p r e s e n t i n each end-
p l a t e was a l s o r e c o r d e d . Each sample o f e n d - p l a t e s was examined 
s e v e r a l t i m e s d u r i n g the course o f the s t u d y , o f t e n a t i n t e r v a l s 
o f over a y e a r . I n t h i s way i t was ensured t h a t a l l the c r i t e r i . 
f o r s e l e c t i o n were b e i n g m a i n t a i n e d and t h a t a l l the d e s c r i p t i v e 
terms used ( R e s u l t s 1) were b e i n g a p p l i e d i n a c o n s i s t e n t manner 
t o a l l samples. 
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Because the l o c a t i o n o f each t e r m i n a l spray (and o f t e n 
o f i n d i v i d u a l e n d - p l a t e s ) was known by r e f e r e n c e t o the microscope 
stage c o - o r d i n a t e s or an 'England F i n d e r ' ( G r a t i c u l e s L t d . ) , i t 
was p o s s i b l e t o compare t h e r e s u l t s o f successive e x a m i n a t i o n s 
i n d e t a i l and t o r e s o l v e any d i s c r e p a n c i e s t h a t o c c u r r e d . 
5.13 Measurements. A l l measurements were made u s i n g 
a x^O o b j e c t i v e and a Z e i s s micrometer eyepiece ( x l 6 ) , c a l i b r a t e d 
u s i n g a micrometer s l i d e . No a t t e m p t was made t o c o r r e c t f o r 
the s h r i n k a g e which u n d o u b t e d l y occurs i n such p r e p a r a t i o n s 
(Stacey, 1969; Crowe & Ragab, 1970). Since a l l measurements 
were made by the same observer on m a t e r i a l p r e p a r e d i n the same 
way, any comparisons o f measurements w i t h i n t h e study are v a l i d . 
Only those e n d - p l a t e s which l a y 'en f a c e ' w i t h i n the depth o f 
f o c u s , and which were on muscle f i b r e s w i t h d i s t i n c t m argins, 
were s e l e c t e d f o r measurement. 
The e n d - p l a t e diameter was the mean o f two o r t h o g o n a l 
measurements, one o f which was i n t h e l o n g a x i s o f t h e muscle 
f i b r e . The muscle f i b r e diameter was the mean o f t h r e e t o 
f i v e measurements made c l o s e t o the e n d - p l a t e . I n a d d i t i o n , 
t o these ' p r i m a r y ' parameters, two d e r i v e d v a l u e s were used 
i n each case. The f i r s t o f these was the r a t i o o f t h e two 
measurements o f the e n d - p l a t e , t h a t made i n t h e l o n g a x i s o f 
the muscle f i b r e b e i n g t h e numerator. T h i s a x i a l r a t i o was 
p r e f e r r e d t o the r a t i o o f the l o n g e r a x i s t o t h e s h o r t e r 
(L1/L2 r a t i o o f Woolf, 1970), because, besides g i v i n g an 
i n d i c a t i o n o f the g e n e r a l shape o f the en d i n g , i t i s ' o r i e n t a t e d ' , 
i . e . , i f an e n d - p l a t e i s e l o n g a t e d i n the l o n g a x i s o f the muscle 
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f i b r e , the a x i a l r a t i o w i l l be g r e a t e r than u n i t y . However, 
i f an e n d - p l a t e o f the same dimensions i s e l o n g a t e d i n the s h o r t 
a x i s o f the muscle f i b r e , then the a x i a l r a t i o w i l l be l e s s than 
u n i t y . The L1/L2 r a t i o s o f e n d - p l a t e s of the same dimensions 
w i l l be t h e same and convey no i n f o r m a t i o n about the d i r e c t i o n 
o f e l o n g a t i o n . I n p r a c t i c e t h e r e was l i t t l e d i f f e r e n c e between 
these r a t i o s because the e n d - p l a t e s were almost always e l o n g a t e d 
i n the l o n g a x i s o f the muscle f i b r e . However, i n p a t h o l o g i c a l 
m a t e r i a l t h i s r e f i n e m e n t might prove o f value ( e . g . A l l e n e t a l . , 
1969). 
The second d e r i v e d parameter was t h e percentage r a t i o 
o f t he e n d - p l a t e and muscle f i b r e d i a m e t e r s , which may be used 
t o compare the r e l a t i o n s h i p o f the two p r i m a r y parameters from 
d i f f e r e n t muscles w i t h o u t r e f e r e n c e t o a b s o l u t e v a l u e s . 
5.2 Combined c h o l i n e s t e r a s e and s u c c i n i c dehydrogenase 
I n o r d e r t o compare e n d - p l a t e s t r u c t u r e d i r e c t l y w i t h 
the h i s t o c h e m i c a l type o f muscle f i b r e , squash p r e p a r a t i o n s o f 
muscles were d o u b l e - s t a i n e d f o r a c e t y l c h o l i n e s t e r a s e (AChE) 
which d e l i n e a t e s the s u b - n e u r a l apparatus (SNA) o f t h e e n d - p l a t e , 
and s u c c i n i c dehydrogenase (SDH), an o x i d a t i v e m i t o c h o n d r i a l 
enzyme. The method was t h a t o f Barker ejt a l . •  (1970), based 
on the methods o f Karnovsky & Roots (1964) f o r AChE, and 
Pearse ( 1 9 6 l ) f o r SDH. The o n l y m o d i f i c a t i o n r e q u i r e d was the 
r e d u c t i o n o f the i n c u b a t i o n t i m e f o r AChE t o 5min, o p t i m a l f o r 
e x t r a f u s a l motor e n d - p l a t e s . T h i s procedure c l e a r l y demonstrated 
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the s u b - n e u r a l apparatuses o f the e n d - p l a t e s and t h e t h r e e 
t y p e s o f muscle f i b r e commonly observed (Stein. & Padykula, 
1962). A s i m i l a r d o u b l e - s t a i n i n g method has been d e s c r i b e d 
u s i n g f r o z e n s e c t i o n s o f mouse muscles (Ogata, 19^5)» ^ u t i s 
u n s u i t a b l e f o r the l a r g e r e n d - p l a t e s and muscle f i b r e s o f t h e 
c a t . The p r e s e n t method o b v i a t e s d i f f i c u l t i e s and e r r o r s due 
t o s e c t i o n i n g . 
The form and i n t e n s i t y o f s t a i n i n g o f the SNA was 
r e l a t e d t o the i n t e n s i t y o f the s u c c i n i c dehydrogenase react:; on 
of the muscle f i b r e s . O.ily SKA seen 'en f a c e ' were measured, 
o t h e r w i s e every SNA and muscle f i b r e encountered was measured 
u n t i l the r e q u i r e d number had been reached. By t h i s means 
any b i a s towards the s e l e c t i o n o f l a r g e r muscle f i b r e s ( J c u b e r t , 
1956) was avoi d e d . 
5.3 Gold c h l o r i d e 
I n o r d e r t o check, the v a l i d i t y o f the m o d i f i e d de 
Castro s i l v e r i m p r e g n a t i o n method, some c a t p e r o n e a l muscles 
were s t a i n e d by the g o l d c h l o r i d e method of Gairns (1930). 
The c o n t r a s t o f the e n d - p l a t e s and muscle f i b r e s was poor and 
the axon t e r m i n a l s l a c k e d the d e l i c a c y seen i n s i l v e r impregnated 
m a t e r i a l so t h a t f i n e a x o n i c o u t g r o w t h s c o u l d be seen o n l y w i t h 
d i f f i c u l t y . Some endings w i t h e n l a r g e d , e x t r e m e l y coarse axon 
t e r m i n a l s r e s e m b l i n g those o f d e g e n e r a t i n g e n d - p l a t e s were observ 
The method was regarded as u n s u i t a b l e f o r g e n e r a l use. 
5.3 In. v i v o methylene b l u e 
Methylene b l u e has been w i d e l y used f o r s t a i n i n g 
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motor e n d - p l a t e s , a l t h o u g h i t i s o n l y s u i t a b l e f o r v e r y s m a l l 
p i e c e s o f t i s s u e . A c c o r d i n g l y , the h i n d l i m b s o f a n a e s t h e t i z e d 
r a t s and k i t t e n s were p e r f u s e d w i t h a s o l u t i o n o f 0.5% methylene 
b l u e i n a m o d i f i e d Krebs' s o l u t i o n a t pH 5.6 (Crowe & Ragab, 1970; 
Ragab, 1970). I n b o t h s p e c i e s i t was found t h a t o n l y t h e s m a l l e s t 
muscles o f t h e f o o t were a d e q u a t e l y s t a i n e d . The i n t e n s i t y o f 
s t a i n i n g was v e r y v a r i a b l e , b ut i n the most w e l l - s t a i n e d areas 
some axonic o u t g r o w t h s c o u l d be seen. The nodes o f Ranvier 
were seldom i d e n t i f i a b l e and the p o i n t s o f t e r m i n a t i o n o f the 
nerve endings c o u l d not be determined w i t h c e r t a i n t y because 
o f the l a c k o f background s t a i n i n g . Some e n d - p l a t e s w i t h 
s w o l l e n axon t e r m i n a l s i n d i c a t i v e o f d e g e n e r a t i o n (Woolf, 1966) 
were observed. L i k e the g o l d c h l o r i d e method i t was regarded 
as u n s u i t a b l e f o r g e n e r a l use. 
6. Techniques u s i n g s e c t i o n e d m a t e r i a l 
As s t a t e d above, teased p r e p a r a t i o n s were p r e f e r r e d 
f o r the st u d y o f t h e t e r m i n a l i n n e r v a t i o n , s e c t i o n s b e i n g used 
s o l e l y f o r the e x a m i n a t i o n o f t h e h i s t o l o g i c a l and h i s t o c h e m i c a l 
p r o p e r t i e s o f the muscle f i b r e s . 
6.1 Wax s e c t i o n s 
Muscles embedded i n p a r a f f i n wax were used when l a r g e 
amounts o f m a t e r i a l were r e q u i r e d f o r e x a m i n a t i o n i n s e r i a l 
s e c t i o n . P e r o n e a l , gastrocnemius and soleus muscles o f k i t t e n s , 
l S and 19 year o l d c a t s , were p r e p a r e d i n t h i s way. The muscles 
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were removed from the a n a e s t h e t i z e d a n i m a l as d e s c r i b e d above 
( S e c t i o n 3) and f i x e d i n Susa's f i x a t i v e f o r 3hr. D e h y d r a t i o n 
was accomplished u s i n g c e l l o s o l v e ( 2 - e t h o x y e t h a n o l ) i n the 
f o l l o w i n g way :-
( a ) i o d i z e d 95% c e l l o s o l v e 3hr, r e p l a c i n g the s o l u t i o n e very 
30min, w i t h a g i t a t i o n ; 
( b ) a b s o l u t e c e l l o s o l v e , l h r w i t h t h r e e changes, w i t h a g i t a t i o n . 
The muscles were c l e a r e d i n t o l u e n e f o r 20min and embedded i n 
p l a s t i c i z e d p a r a f f i n wax (Paramat, George T. Gurr L t d . ) . 
Both l o n g i t u d i n a l and t r a n s v e r s e s e c t i o n s were c u t , 
lOura t h i c k o f t h e muscles o f t h e s e n i l e c a t s , and s t a i n e d w i t h 
e i t h e r h a e m o t o x y l i n and e o s i n (H & E) or W e i g e r t ' s h a e m o t o x y l i n 
and C u r t i s ' Ponceau S s u b s t i t u t e f o r van Gieson's s t a i n (H & VG; 
Humason, 1962). These s e c t i o n s were examined f o r a t r o p h i c 
f i b r e s and o t h e r s i g n s o f a b n o r m a l i t y such as c e n t r a l l y p l a c e d 
n u c l e i . 
The muscles from k i t t e n s were s e c t i o n e d f i r s t 
t r a n s v e r s e l y t o determine the muscle f i b r e d i a m e t e r . The b l o c k s 
were then r e - o r i e n t a t e d f o r l o n g i t u d i n a l s e c t i o n i n g , the s e c t i o n 
t h i c k n e s s b e i n g set a t a p p r o x i m a t e l y the f i b r e diameter i n o r d e r 
t o o b t a i n as many e n d - p l a t e s seen 'en f a c e ' as p o s s i b l e (Nystrom, 
1968a). These s e c t i o n s were s t a i n e d by the Holmes s i l v e r method 
f o l l o w e d by g o l d t o n i n g , t o demonstrate the t e r m i n a l i n n e r v a t i o n 
( C a r e l t o n & D r u r y , 1957). Some o f the s l i d e s were coated w i t h 
c e l l o i d i n t o p r e v e n t detachment o f the s e c t i o n s d u r i n g p r o c e s s i n g . 
Muscle f i b r e d i a m e t e r s were measured i n t r a n s v e r s e s e c t i o n s s t a i n e d 
w i t h e i t h e r H & E or H & VG. Care was taken t o examine and measure 
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o n l y i n t a c t e n d - p l a t e s , and the number o f axon t e r m i n a l s p r e s e n t 
and t h e form o f the ending (see R e s u l t s 1.3) were n o t e d . 
6.2 F r e s h - f r o z e n s e c t i o n s 
F r e s h - f r o z e n s e c t i o n s were used when s m a l l amounts o f 
t i s s u e were b e i n g processed and f o r the d e m o n s t r a t i o n o f enzyme 
a c t i v i t i e s o f muscle f i b r e s . 
A f t e r e x c i s i o n , muscles were c u t i n t o s u i t a b l e p i e c e s 
and f r o z e n by immersion f o r a t l e a s t l m i n i n a s l u r r y o f l i q u i d 
n i t r o g e n and is o - p e n t a n e a t a p p r o x i m a t e l y -l60°C (Maxwell, Ward 
& N a i r n , 1966). The muscles were f r o z e n d i r e c t l y on t o m e t a l 
chucks u s i n g 3% gum t r a g a c a n t h (Engel & Cunningham, 1963), o r , 
more o f t e n on t o p i e c e s o f s t i f f c a r d , and l a t e r a t t a c h e d t o 
the chucks u s i n g gum t r a g a c a n t h and CO2 gas. I f n o t i m m e d i a t e l y 
r e q u i r e d f o r s e c t i o n i n g the muscles were s t o r e d i n sealed c o n t a i n e r s 
a t -30°C. 
Before s e c t i o n i n g , the muscles were p l a c e d i n the 
c r y o s t a t (Slee L t d . ) t o e q u i l i b r a t e a t -20°C. S e r i a l 10y,m 
t r a n s v e r s e s e c t i o n s were c u t from the t h i c k e s t p a r t o f the muscle 
and the exact o r i e n t a t i o n checked u s i n g s e c t i o n s s t a i n e d w i t h 
H & E or H & VG. I f necessary the t i s s u e b l o c k was r e - o r i e n t a t e d 
b e f o r e f u r t h e r s e c t i o n s were c u t . 
S e c t i o n s were p i c k e d up i n p a i r s on c l e a n microscope 
s l i d e s and a l l o w e d t o thaw a t room temperature (22-26°C). I n 
t h i s way, successive p a i r s o f s e c t i o n s c o u l d be processed f o r 
each o f the h i s t o c h e m i c a l methods and one f o r the h i s t o l o g i c a l 
s t a i n . 
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6.3 H i s t o c h e m i c a l s t a i n i n g methods 
F r e s h - f r o z e n s e c t i o n s were incubated, t o demonstrate 
the a c t i v i t i e s o f s u c c i n i c dehydrogenase, a l k a l i n e - s t a b l e 
actomyosin adenosine t r i p h o s p h a t a s e and pho s p h o r y l a s e , so 
t h a t t h e h i s t o c h e m i c a l p r o f i l e s o f the f i b r e s c o u l d be 
de t e r m i n e d . S e c t i o n s from the t h r e e p e r o n e a l muscles and 
sol e u s o f a young a d u l t c a t (C303) were passed s i m u l t a n e o u s l y 
t h r o u g h the same s o l u t i o n s i n each s t a i n i n g method, i n o r d e r 
t o reduce any v a r i a t i o n s i n t r e a t m e n t . The d e t a i l s o f the 
h i s t o c h e m i c a l t e c h n i q u e s are b r i e f l y d e s c r i b e d i n t h e f o l l o w i n g 
s e c t i o n s . 
6.31 S u c c i n i c dehydrogenase (SDH). N i t r o b l u e 
t e t r a z o l i u m was used as a hydrogen i o n a c c e p t o r a c c o r d i n g t o 
the method o f Nachlas, Tsou, de Souza, Cheng & Seligman (1957) 
as m o d i f i e d by Pearse ( 1 9 6 l ) . I n c u b a t i o n was c a r r i e d out a t 
37°C'and pH 7.6. The optimum i n c u b a t i o n t i m e was found t o be 
25min. The i n c u b a t i o n medium was f r e s h l y p r e p a r e d from s t o c k 
s o l u t i o n s on the day o f s t a i n i n g . 
The s i t e s o f a c t i v i t y o f SDH were d e f i n e d by p u r p l e 
d i f o r m a z a n g r a n u l e s s c a t t e r e d i n the sarcoplasm o f the muscle 
f i b r e s . S u c c i n i c dehydrogenase i s a m i t o c h o n d r i a l enzyme and 
Ragab (1970) has p o i n t e d out the s i m i l a r i t y o f the d i s t r i b u t i o n 
o f d i f o r m a z a n g r a n u l e s and m i t o c h o n d r i a i n t o r t o i s e muscles. 
6.32 A l k a l i n e - s t a b l e a c t i n o m y o s i n adenosine 
t r i p h o s p h a t a s e (ATPase). The ATPase a c t i v i t y 
o f the muscle f i b r e s was demonstrated by the method o f Guth & 
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Samahft. (1970). The a l k a l i n e p r e - i n c u b a t i o n s o l u t i o n was 
a d j u s t e d t o the e m p i r i c a l l y determined optimum o f pH 9.5-
The i n c u b a t i o n time was ^5min a t room t e m p e r a t u r e . A l l 
s o l u t i o n s were f r e s h l y made up from the s t o c k s o l u t i o n s 
i m m e d i a t e l y before use. 
Muscle f i b r e s o f low ATPase a c t i v i t y were c o l o u r l e s s 
or o c c a s i o n a l l y 'smoky' i n appearance. As the a c t i v i t y i n c r e a s e d 
a more i n t e n s e brown c o l o u r developed. Blood v e s s e l s and 
c o n n e c t i v e t i s s u e a l s o showed a p o s i t i v e r e a c t i o n . Guth & 
Y e l l i n (1971) have demonstrated t h a t a f t e r f i x a t i o n and a l k a l i n e 
p r e - i n c u b a t i o n , the ATPase a c t i v i t y i s l o c a l i z e d i n the m y o f i b r i l s . 
6.33 Phosphorylase ( P ' a s e ) . The method o f Eranko 8c 
Palkama (196l) was used w i t h the s o l e m o d i f i c a t i o n t h a t the s l i d e s 
were mounted i n D.P.X. and n o t i o d i n e - g l y c e r o l . T h i s m o d i f i c a t i o n 
was adopted because i t was found i n p r e l i m i n a r y experiments t h a t 
f a d i n g o f the p r e p a r a t i o n s was n e g l i g i b l e when th e y were s t o r e d 
i n darkness a t 5°C. The r e s u l t i n g p r e p a r a t i o n s a l s o gave b e t t e r 
c o n t r a s t between d i f f e r e n t i n t e n s i t i e s o f s t a i n i n g when p h o t o -
graphed. The optimum i n c u b a t i o n time was 20min. 
A t r i a l s e r i e s o f s l i d e s was i n c u b a t e d a t v a r i o u s 
times w i t h and w i t h o u t the s u b s t r a t e , g l u c o s e - l - p h o s p h a t e , 
t o determine the sequence and n a t u r e of the c o l o u r i n t e n s i t i e s 
produced by the r e a c t i o n . The ' n e g a t i v e ' r e a c t i o n produced 
i n t h e absence o f s u b s t r a t e was c h a r a c t e r i z e d by a g o l d e n -
y e l l o w c o l o u r o f t h e muscle f i b r e s . F i b r e s o f i n t e r m e d i a t e 
and h i g h a c t i v i t y s t a i n e d b l u e - b l a c k and brown r e s p e c t i v e l y . 
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When s e c t i o n s o f soleus were processed i n the presence 
o f the o t h e r h i g h l y a c t i v e muscles, i t was observed t h a t t h e 
muscle f i b r e s had a l i g h t b l u e 'wash' e f f e c t . I t was assumed 
t h a t t h i s f a l s e p o s i t i v e r e s u l t was produced by the d i f f u s i o n 
o f glucose from the a c t i v e s e c t i o n s , and when s e c t i o n s o f s o l e u s 
were processed alone i n f r e s h s o l u t i o n s , they showed the g o l d e n -
y e l l o w ' n e g a t i v e ' r e a c t i o n . A s i m i l a r process may e x p l a i n the 
o c c a s i o n a l 'smoky* appearance o f some f i b r e s i n PB and PL. 
The a c t i v i t y o f P'ase i s much more w i d e l y d i s t r i b u t e d 
t h r o u g h o u t the muscle as a whole than SDH or ATPase and 
c o n s e q u e n t l y enables s p e c i f i c groups o f muscle f i b r e s t o be 
r e a d i l y i d e n t i f i e d . 
6 . h Examination o f h i s t o c h e m i c a l p r e p a r a t i o n s 
F o l l o w i n g the o b s e r v a t i o n s o f e a r l i e r workers 
( e . g . Nystrom, 1968c; Edgerton & Simpson, 1969), i t was decided 
t o base the c l a s s i f i c a t i o n o f the h i s t o c h e m i c a l t y p e s o f muscle 
f i b r e s on t h e a c t i v i t y o f a l l t h r e e enzymes, and n o t on any 
s i n g l e enzyme. A c c o r d i n g l y , s e c t i o n s s t a i n e d f o r the a c t i v i t y 
o f each enzyme were s e t up s i d e by s i d e on t h r e e microscopes 
and each muscle f i b r e i n a s e l e c t e d f a s c i c l e i d e n t i f i e d on each 
p r e p a r a t i o n and i t s enzyme p r o f i l e r e c o r d e d . At the same time 
the s i z e was noted on a t h r e e - p o i n t s e m i - q u a n t i t a t i v e s c a l e . 
T h i s process was r e p e a t e d u n t i l the r e q u i r e d number o f f i b r e s 
had been t y p e d . The p r e c i s e c r i t e r i a used f o r d e t e r m i n i n g 
the a c t i v i t y o f each enzyme are summarized i n Table 9. The 
c r i t e r i a f o r f i b r e t y p i n g are d i s c u s s e d elsewhere ( R e s u l t s 8.1). 
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I n o r d e r t o determine more e x a c t l y whether muscle 
f i b r e d i a m e t e r was r e l a t e d t o h i s t o c h e m i c a l t y p e , two o r t h o g o n a l 
diameters were measured a t a f i n a l m a g n i f i c a t i o n o f x6k0 u s i n g 
a micrometer eyepiece. The l o n g e s t a x i s o f the muscle f i b r e 
was always measured. T h i s method was p r e f e r r e d t o the more 
exact procedures d e s c r i b e d by Edstrom & T o r l e g a r d (1969) because 
of i t s ease o f e x e c u t i o n ( c f . Adams, Coers & Walton, 1968). 
P r e p a r a t i o n s s t a i n e d f o r ATPase were p r e f e r r e d f o r measurements 
because the i n d i v i d u a l f i b r e s were w e l l d e f i n e d . Each f i b r e 
was c l a s s i f i e d as b e f o r e by simultaneous e x a m i n a t i o n of SDH 
and P'ase p r e p a r a t i o n s . 
6.5 E s t i m a t e s of the number o f muscle f i b r e s 
E s t i m a t e s were made o f t h e number o f muscle f i b r e s 
i n s e c t i o n s o f one PDQ muscle o f c a t s aged 1, l8 and 19 y e a r s . 
I n each case a p h o t o g r a p h i c montage o f a complete t r a n s v e r s e 
s e c t i o n t h r o u g h the w i d e s t p a r t o f t h e muscle was prepared and 
s m a l l groups o f muscle f i b r e s marked o f f on i t . Each o f the 
groups was i d e n t i f i e d on the s e c t i o n and the number o f e x t r a f u s a l 
f i b r e s p r e s e n t r e c o r d e d on t h e montage. I n t h i s way i t was 
p o s s i b l e t o ensure t h a t a l l the f i b r e s p r e s e n t i n the s e c t i o n 
were counted and t h a t none were counted more than once. No 
a t t e m p t was made t o t e s t the accuracy of the c o u n t i n g t e c h n i q u e 
by p e r f o r m i n g r e p l i c a t e s , s i n c e i n s u f f i c i e n t m a t e r i a l was 
a v a i l a b l e t o determine o t h e r than gross v a r i a t i o n s . The 
muscle f i b r e s o f PDQ are i n s e r t e d i n a pennate f a s h i o n so 
t h a t i t i s p r o b a b l e t h a t n o t a l l o f them are p r e s e n t i n any one 
t r a n s v e r s e s e c t i o n . However, t h i s i s u n l i k e l y t o be a major 
source o f v a r i a t i o n between counts i n d i f f e r e n t muscles. 
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7. E l e c t r o n microscopy 
The t e r m i n a l i n n e r v a t i o n i s n o t amenable t o s t u d y 
w i t h t h e e l e c t r o n microscope, because the r e l a t i v e l y low 
occurrence o f growth and d e g e n e r a t i o n i n p a r t i c u l a r make i t 
h i g h l y improbable t h a t such c o n f i g u r a t i o n s w i l l be i d e n t i f i e d 
i n t h i n s e c t i o n s . Moreover, i t i s u n l i k e l y t h a t the d i f f e r e n t 
t y pes o f e n d - p l a t e ( R e s u l t s , 1.3) w i l l be d i s t i n g u i s h a b l e a t the 
u l t r a s t r u c t u r a l l e v e l . However, the PDQ muscle o f one young 
a d u l t c a t (C298) was prepared f o r e l e c t r o n microscopy u s i n g 
3% g l u t a r a l d e h y d e i n 0.2M c a c o d y l a t e as a f i x a t i v e (2hr) w i t h 
l h r osmium po s t f i x a t i o n and Epon embedding. T h i c k (0.5 - ly.m) 
t r a n s v e r s e s e c t i o n s were s t a i n e d w i t h t o l u i d i n e b l u e i n 1% borax 
and examined w i t h t h e l i g h t microscope. When e n d - p l a t e s were 
i d e n t i f i e d ( P l a t e XVb) t h e b l o c k was trimmed and t h i n (50 - 60mn) 
s e c t i o n s c u t a t 2 - 3V-m i n t e r v a l s . The s e c t i o n s were s t a i n e d 
w i t h l e a d c i t r a t e and u r a n y l a c e t a t e and examined and photographe 
w i t h an AEI EM 801 e l e c t r o n microscope. 
I n t h i s way, ?5 e n d - p l a t e s were examined a t two t o 
f i v e l e v e l s . I n every case a l l t h e axon t e r m i n a l s had the 
normal appearance d e s c r i b e d by Adal & Barker (196?) i n the c a t 
and by o t h e r workers i n the r a t ( e . g . Padykula & G a u t h i e r , 1970) 
and no s i g n o f growth or d e g e n e r a t i o n was found ( P l a t e XVa, c ) . 
Since the u l t r a s t r u c t u r e o f the motor e n d - p l a t e does n o t form 
a major p a r t o f t h i s s t u d y , these f i n d i n g s w i l l n o t be d i s c u s s e d 
f u r t h e r . 
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8 . Photography 
A l l p r e p a r a t i o n s were photographed u s i n g the 
Zei s s U l t r a p h o t I I microscope w i t h the same ty p e s o f eyepieces 
and o b j e c t i v e s as used f o r the o r i g i n a l e x a m i n a t i o n . I l f o r d FP'+ 
f i l m was used w i t h a g e n e r a l purpose d e v e l o p e r . A l l photographs 
were produced t o a s t a n d a r d enlargement. The f i n a l m a g n i f i c a t i o n 
o f t h e p r i n t s was determined by making exposures o f a micrometer 
s l i d e a t each o f the m a g n i f i c a t i o n s used and p r o c e s s i n g them i n 
the u s u a l way. F i l t e r s were used t o improve the c o n t r a s t o f 
the f i n a l p r i n t s whenever p o s s i b l e . No f u r t h e r a t t e m p t s were 
made t o s t a n d a r d i z e the p h o t o g r a p h i c procedures used f o r t h e 
h i s t o c h e m i c a l p r e p a r a t i o n s , s i n c e a l l comparisons o f enzyme 
a c t i v i t y were made on t h e o r i g i n a l p r e p a r a t i o n s and not on 
photographs. A l l p r e p a r a t i o n s were s e l e c t e d f o r photography 
on the b a s i s o f t h e i r c l a r i t y . I n teased p r e p a r a t i o n s , end-
p l a t e s o f t e n extended beyond the plane o f focus o f a s i n g l e 
p h o t o g r a p h . I n such cases s e v e r a l exposures were made a t 
d i f f e r e n t l e v e l s o f focus and a montage p r e p a r e d . I f any 
doubts arose c o n c e r n i n g the completeness o f the montages, 
the o r i g i n a l p r e p a r a t i o n was re-examined. T h i s t e c h n i q u e 
i s now so commonly used t h a t i t has n o t been t h o u g h t necessary 
t o d i s t i n g u i s h montages from s i n g l e exposures i n t h e legends 
to the i n d i v i d u a l f i g u r e s p r e s e n t e d . 
Where the endings were n o t s u i t a b l e f o r photography 
but were c o n s i d e r e d t o be e s p e c i a l l y i m p o r t a n t , camera l u c i d a 
drawings were made. A few endings were t r a c e d from photographs 
i n o r d e r t o improve t h e i r c l a r i t y i n p r e s e n t a t i o n . I n a l l 
these cases the o r i g i n a l p r e p a r a t i o n was c r e f u l l y checked 
bo ensure the maximum degree o f accuracy. 
9. S t a t i s t i c a l t r e a t m e n t 
The s t a t i s t i c a l a n a l y s i s o f the measurements o f 
e n d - p l a t e and muscle f i b r e d i a m e t e r s and the parameters d e r i v e d 
from them (above, S e c t i o n k ,\J>) was made u s i n g the f a c i l i t i e s 
o f the Northumbrian U n i v e r s i t i e s M u l t i p l e Access Computer 
(NUMAC). A l l the programmes used were t e s t e d f o r accuracy 
u s i n g s p e c i a l l y p r e p a r e d s e t s o f d a t a . 
The c o r r e l a t i o n c o e f f i c i e n t ( r ) and the r e g r e s s i o n 
l i n e s were c a l c u l a t e d by the method o f l e a s t squares (Moroaey, 
1 9 5 6 ) , f o r a l l the p o s s i b l e c o m b i n a t i o n s o f the f o u r parameters 
i n each s e t o f d a t a . The l e v e l o f s t a t i s t i c a l s i g n i f i c a n c e o f 
th e c o r r e l a t i o n c o e f f i c i e n t was determined from s t a t i s t i c a l 
t a b l e s ( F i s h e r & Yates, 1 9 5 7 ) . S i g n i f i c a n t d i f f e r e n c e s 
between mean v a l u e s were determined by the Student's t e s t . 
I t was necessary t o determine whether the d i s t r i b u t i o n s 
o f the e n d - p l a t e and muscle f i b r e d i a m e t e r s corresponded t o the 
normal c u r v e , because i t has been shown t h a t t h e y can be markedly 
a l t e r e d i n v a r i o u s e x p e r i m e n t a l and p a t h o l o g i c a l c o n d i t i o n s 
( A l l e n e t a l . , 1 9 o 9 ; G o l d s p i n k , 1 9 6 4 ; Rowe & Go l d s p i n k , 1 9 6 8 ) . 
F u r t h e r , t e s t s o f the n o r m a l i t y o f t h e d i s t r i b u t i o n o f muscle 
f i b r e d i a m e t e r s might be expected t o i n d i c a t e whether d i ameter 
c o u l d be used as a c r i t e r i a o f muscle f i b r e t y p e . 
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The method o f H a r d i n g ( 1 9 ^ 9 ) and Cassie (195*0 
u s i n g the c u m u l a t i v e percentage d i s t r i b u t i o n p l o t t e d on 
a r i t h m e t i c p r o b a b i l i t y paper proved b o t h t e d i o u s and u n r e l i a b l e , 
depending i n c r i t i c a l cases on s u b j e c t i v e assessment. Reske-
N i e l s o n , Coers & Harmsen ( 1 9 7 0 ) have used the c a l c u l a t i o n o f 
g l and g2 (Snedecor, 1 9 6 2 ) t o t e s t p o p u l a t i o n s o f en d - p l a t e 
and muscle f i b r e d i a m e t e r s f o r skew ( a s s y m e t r i c a l d i s t r i b u t i o n ) 
and k u r t o s i s ('an excess or d e f i c i t o f it e m s c o n c e n t r a t e d near 
the c e n t r e o f the r a n g e ' ) , r e s p e c t i v e l y , and t h i s method was 
adopted. 
The parameters g l and g2 were c a l c u l a t e d u s i n g a 
m o d i f i e d v e r s i o n o f the FORTRAN programme g i v e n by Sokal & 
R o h l f , 1 9 6 9 ) . The l e v e l o f s t a t i s t i c a l s i g n i f i c a n c e o f g l 
and g2 was determined by a t t e s t (Snedecor, 1 9 6 2 ) u s i n g an 
o r i g i n a l PL / 1 programme. T h i s method o f t e s t i n g the e x t e n t 
o f the d e v i a t i o n from the normal d i s t r i b u t i o n has the advantage 
t h a t i t uses ungrouped d a t a , and does n o t r e l y on s u b j e c t i v e 
assessment. Besides i n d i c a t i n g t h a t a d i s t r i b u t i o n i s n o t 
normal, i t i d e n t i f i e s t h e n a t u r e o f the d e v i a t i o n as b e i n g 
due t o skew or k u r t o s i s or b o t h . 
FIGURE 1. Diagram t o i l l u s t r a t e the terms used t o d e s c r i b e 
the morphology o f the t e r m i n a l axon and the motor 
e n d - p l a t e 
The motor axon passes towards the muscle f i b r e 
and l o s e s i t s m y e l i n sheath, f o r m i n g a s h o r t 
p r e t e r m i n a l r e g i o n . The axon t e r m i n a t e s on a 
s l i g h t s w e l l i n g o f the muscle f i b r e ( t h e Doyere 1 s 
eminence) and t h e r e s u b - d i v i d e s t o form the axon 
t e r m i r - a l s . 
Non-myelinated outg r o w t h s ( s p r o u t s ) may a r i s e 
from t h e v a r i o u s r e g i o n s o f the t e r m i n a l axon. 
Thu3, a nod a l s p r o u t t y p i c a l l y o r i g i n a t e s from the 
t e r m i n a l node, whereas pretermrLnal s p r o u t s and 
u l t r a t e r m i n a l s p r o u t s a r i s e from the p r e t e r m i n a l 
r e g i o n and the axon t e r m i n a l s r e s p e c t i v e l y . The 
p a r t o f the muscle f i b r e i m m e d i a t e l y u n d e r l y i n g 














1 . Terminology 
Any m o r p h o l o g i c a l s t u d y , however w e l l i l l u s t r a t e d , 
must r e l y h e a v i l y upon v e r b a l d e s c r i p t i o n , and c l e a r l y the 
v a l ue o f such a d e s c r i p t i o n i s dependent upon the p r e c i s i o n 
o f the terms employed. Since e n d - p l a t e s were f i r s t r e c o g n i z e d , 
the nomenclature a p p l i e d t o the t e r m i n a l i n n e r v a t i o n has 
p r o l i f e r a t e d . Many of the terms have been p o o r l y d e f i n e d , 
not d e f i n e d a t a l l , or used i n d i f f e r e n t ways. T h e r e f o r e , 
b e f o r e d e s c r i b i n g the r e s u l t s o f the p r e s e n t s t u d y , the terms 
used w i l l be d e f i n e d . I n g e n e r a l , the usage o f Barker & I p 
( 1 9 6 6 ) has been adopted (see F i g . 1 ) . 
1 . 1 The t e r m i n a l i n n e r v a t i o n and the motor e n d - p l a t e 
T y p i c a l l y , the t e r m i n a l axons leave the i n t r a m u s c u l a r 
nerve t r u n k s i n s m a l l groups. Such a group o f t e r m i n a l axons 
and t h e i r motor e n d - p l a t e s i s r e f e r r e d t o as a t e r m i n a l spray 
( e . g . P l a t e l a ) . J u s t b e f o r e r e a c h i n g the muscle f i b r e , t h e 
m y e l i n sheath i n v e s t i n g each axon ends, l e a v i n g a s h o r t , naked 
p r e t e r m i n a l r e g i o n , which f i n a l l y s u b d i v i d e s f o r m i n g t h e f i n e 
axon t e r m i n a l s o f the e nding ( F i g . 1 ) . The area o f muscle 
f i b r e u n d e r l y i n g the e n d - p l a t e i s m o d i f i e d by the a c c u m u l a t i o n 
o f c e l l o r g a n e l l e s to form a s o l e - p l a t e or eminence o f Doyere. 
1 . 2 Outgrowths o f t h e t e r m i n a l axon 
The t e r m i n a l axon and the e n d - p l a t e may g i v e r i s e 
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t o n o n - m y e l i n a t e d o u t g r o w t h s , which, f o l l o w i n g o t h e r workers 
( e . g . Coers & Woolf, 1 9 5 9 ; Barker & I p , 1 9 6 6 ) , are c o n s i d e r e d 
t o be evidence o f g r o w t h . Non-myelinated o u t g r o w t h s t e r m i n a t i n g 
i n a s i m p l e t a p e r o r , more f r e q u e n t l y , i n a s m a l l s w e l l i n g or 
'growth cone' are d e s c r i b e d as s p r o u t s . These are r e f e r r e d t o 
as n o d a l , p r e t e r m i n a l , or u l t r a t e r m i n a l , a c c o r d i n g t o whether 
they take o r i g i n from a node, the p r e t e r m i n a l r e g i o n or from 
the axon t e r m i n a l s . I n the m a t e r i a l used i n the p r e s e n t s t u d y 
i t was n o t p o s s i b l e r e l i a b l y t o d i s t i n g u i s h a p r e t e r m i n a l s p r o u t 
from a s l i g h t l y e l o n g a t e d axon t e r m i n a l ending i n a s m a l l b u l b 
(see P l a t e I d ) . U l t r a t e r m i n a l s p r o u t s were o n l y r a r e l y 
encountered and hence the term ' s p r o u t ' r e f e r s t o a n o d a l s p r o u t 
u n l e s s s p e c i f i e d o t h e r w i s e . F r e q u e n t l y , a non-myelinated o u t -
growth from a node ends i n a group o f axon t e r m i n a l s a s s o c i a t e d 
w i t h an e n d - p l a t e . Such an o u t g r o w t h i s termed a c o n t r i b u t i o n 
( F i g . 2 b ) . Sprouts and c o n t r i b u t i o n s are c o l l e c t i v e l y r e f e r r e d 
t o as growth c o n f i g u r a t i o n s , and the e n d - p l a t e formed by t h e 
t e r m i n a l axon from which t h e y a r i s e i s c a l l e d the p a r e n t e n d i n g . 
Examples o f growth c o n f i g u r a t i o n s are i l l u s t r a t e d i n P l a t e s V I -
V I I . 
The a d j e c t i v e c o l l a t e r a l w i l l be used t o d e s c r i b e an 
o u t g r o w t h from a t e r m i n a l axon t h a t ends on a muscle f i b r e o t h e r 
than t h e one b e a r i n g the p a r e n t e n d i n g . Thus, F i g . 2e 
i l l u s t r a t e s a b i f u r c a t i n g t e r m i n a l axon f o r m i n g two c o l l a t e r a l 
e n d - p l a t e s on separate muscle f i b r e s . Two e n d - p l a t e s d e r i v e d 
from t h e same t e r m i n a l axon are s a i d t o be a c o l l a t e r a l p a i r 
o f e n d - p l a t e s . C o l l a t e r a l e n d - p l a t e s are i l l u s t r a t e d i n 
FIGURE 2. Diagram t o i l l u s t r a t e the terms used t o d e s c r i b e 
m o r p h o l o g i c a l f e a t u r e s o f motor e n d - p l a t e s 
The e x t e n t o f the s o l e - p l a t e o f each ending 
i s i n d i c a t e d by the c o n t i n u o u s l i n e . 
a) Simple T l e n d - p l a t e formed by an unbranched 
m y e l i n a t e d t e r m i n a l axon. 
b) T l e n d - p l a t e r e c e i v i n g a c o n t r i b u t i o n , i . e . 
a non-myelinated o u t g r o w t h from a node which 
forms axon t e r m i n a l s on the s o l e - p l a t e o f the 
pa r e n t e n d i n g . 
c) T2 e n d - p l a t e formed by two m y e l i n a t e d branches 
o f the t e r m i n a l axon; both end on the same 
s o l e - p l a t e . 
d) A t e r m i n a l axon d i v i d e s and the axon t e r m i n a l s 
o f the two branches l i e on separate s o l e - p l a t e s , 
f o r m i n g a duplex e n d i n g . 
e) C o l l a t e r a l b r a n c h i n g . A t e r m i n a l axon d i v i d e s , 
g i v i n g two c o l l a t e r a l e n d - p l a t e s on separate 
muscle f i b r e s . 
b Contribution a Tl 
Q Q 
d Duplex c T2 
e Collateral a a 
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P l a t e I I I . The i n c i d e n c e o f such forms i s expressed by the 
r a t i o o f the number o f muscle f i b r e s t o the number o f t e r m i n a l 
axons s u p p l y i n g them. T h i s i s known as the F u n c t i o n a l T e r m i n a l 
I n n e r v a t i o n R a t i o (Edds, 1 9 5 0 ) and, i f each t e r m i n a l axon 
i n n e r v a t e d only one muscle f i b r e , i t would be u n i t y . I n 
e x p e r i m e n t a l and p a t h o l o g i c a l c o n d i t i o n s t h i s r a t i o i s g r e a t l y 
i n c r e a s e d . Thus, i n p a r t i a l l y d enervated muscles, the s u r v i v i n g 
t e r m i n a l axons r e - i n n e r v a t e the denervated muscle f i b r e s by 
f o r m i n g c o l l a t e r a l o u t g r o w t h s ( ' c o l l a t e r a l r e g e n e r a t i o n ' , 
Edds, 1 9 5 0 ; see F i g . 1 8 ) . 
1 . 3 End-plate t y p e s 
E n d - p l a t e s v a r y i n t h e i r mode of f o r m a t i o n from t h e 
t e r m i n a l axon. The s i m p l e s t i s formed by the unbranched 
t e r m i n a l axon and i s d e s c r i b e d as a T l e n d - p l a t e ( F i g . 2 a ) . 
End-plates formed by two or t h r e e m y e l i n a t e d branches o f the 
t e r m i n a l axon are c a l l e d T2 ( F i g . 2 c ) and T3 endings, r e s p e c t i v e l y . 
More complex endings i n v o l v i n g more than t h r e e m y e l i n a t e d branches 
were r a r e l y encountered i n muscles from young a d u l t a n i m a l s . 
'More complex' i n t h e c o n t e x t o f t h i s s t udy means t h a t an end-
p l a t e i s formed by a g r e a t e r number o f m y e l i n a t e d branches o f 
the t e r m i n a l axon or t h a t i t bears a growth c o n f i g u r a t i o n . 
Thus a T2 ending and a T l ending r e c e i v i n g a c o n t r i b u t i o n are 
both 'more complex' than a simple T l ending . I t should a l s o 
be note d t h a t the use o f the terms 'form' or 'type' o f e n d - p l a t e 
are based s o l e l y on m o r p h o l o g i c a l c o n s i d e r a t i o n s and no f u n c t i o n a l 
s i g n i f i c a n c e i s i m p l i e d . 
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Each complex e n d - p l a t e (T2 - T5 forms) i s c o n s i d e r e d 
t o be a s i n g l e e n t i t y and n o t s e v e r a l separate endings on the 
same muscle f i b r e because o f the p r o x i m i t y of t h e axon t e r m i n a l 
d e r i v e d from each o f the branches o f the t e r m i n a l axon. I n 
those cases where the s o l e - p l a t e n u c l e i are s t a i n e d , i t can 
c l e a r l y be seen t h a t t h e r e i s but a s i n g l e s o l e - p l a t e ( e . g . 
P l a t e s IVh, I X h ) . On v e r y r a r e occasions a t e r m i n a l axon 
branches t o form two groups o f axon t e r m i n a l s t h a t are so 
w i d e l y s e p a r a t e d t h a t t hey can n o t be c o n s i d e r e d t o l i e on the 
same s o l e - p l a t e . Such an ending i s d e s c r i b e d as duplex ( F i g . 
However, o n l y f o u r c o n v i n c i n g examples o f duplex endings were 
encountered i n the course o f the p r e s e n t s t u d y . One o f these 
i s i l l u s t r a t e d i n F i g . 8d. The d i s t i n c t i o n between T2 and 
duplex endings i s i m p o r t a n t i n a c o n s i d e r a t i o n o f t h e r o l e o f 
the growth c o n f i g u r a t i o n s and w i l l be di s c u s s e d f u r t h e r 
( D i s c u s s i o n 3 . 1 2 ) . Some workers have regarded a l l e n d - p l a t e s 
formed by one t e r m i n a l axon and l y i n g on the same muscle f i b r e 
as separate f u n c t i o n a l e n t i t i e s ( e . g . Harriman e_t a l . , 1 9 7 0 ) . 
Many o t h e r s have n o t d i s t i n g u i s h e d between 'double e n d - p l a t e s ' 
( c o r r e s p o n d i n g i n most cases t o the T2 ending, e.g. Cole, 1955 f 
1957; Barker & I p , 1966) and duplex endings, even when t h e y 
have used the terms ( e . g . Carey, 19^1j p.^01, F i g s . 25 - 3 1 ) . 
1.k Degeneration o f motor e n d - p l a t e s 
I n the course o f t h i s s t u d y e n d - p l a t e s h a v i n g a 
c o n f i g u r a t i o n r e s e m b l i n g those seen a f t e r nerve s e c t i o n were 
observed i n unoperated muscles. I n accord w i t h the p r a c t i c e 
o f Barker & I p (1966) and v a r i o u s c l i n i c a l w o rkers (see Coers 
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& Woolf, 1959) these e n d - p l a t e s were c o n s i d e r e d t o be under-
g o i n g d e g e n e r a t i o n . A b r i e f account o f the changes i n the 
morphology o f e n d - p l a t e s a f t e r nerve s e c t i o n has been g i v e n 
by Barker e_t a l . (1970), b u t because these changes are o f such 
importance t o t h i s s t u d y , a f u l l e r account, based upon m a t e r i a l 
prepared by Barker & Negus ( u n p u b l i s h e d ) , w i l l be pre s e n t e d 
( F i g . 3 ) . 
The normal e n d - p l a t e s o f p e r o n e a l muscles have 
d i s t i n c t , f i n e axon t e r m i n a l s , t y p i c a l l y e nding i n f i n e t a p e r s . 
A f t e r s e c t i o n o f the common p e r o n e a l nerve a t the p o i n t o f i t s 
d i v i s i o n i n t o the deep and s u p e r f i c i a l branches, the axon 
t e r m i n a l s become l e s s d e l i c a t e . Thus, 24hr a f t e r nerve s e c t i o n 
the axon t e r m i n a l s are t y p i c a l l y s w o l l e n or v a r i c o s e , and s l i g h t l y 
r e t r a c t e d , sometimes t e r m i n a t i n g i n r i n g s or knobs. A f t e r ^8hr 
the m a j o r i t y o f e n d - p l a t e s are f u r t h e r r e t r a c t e d , o f t e n l e a v i n g 
o n l y a s i n g l e bulbous t e r m i n a l s w e l l i n g . At 60 - 72hr p o s t -
o p e r a t i v e l y almost a l l the endings are g r a n u l a r and a l s o show 
c e n t r i p e t a l d e g e n e r a t i o n o f the t e r m i n a l axon. Examples o f 
en d - p l a t e s a t v a r i o u s times a f t e r nerve s e c t i o n are i l l u s t r a t e d 
i n P l a t e IVc - e and s i m i l a r c o n f i g u r a t i o n s from normal muscles i n 
P l a t e IVa - b, f - h, and P l a t e V. These changes are n o t 
simultaneous i n a l l endings; f o r example, the e n d - p l a t e shown 
i n P l a t e V I I c i s normal i n appearance 2^hr a f t e r nerve s e c t i o n . 
For convenience, e n d - p l a t e s w i t h v a r i c o s e , s l i g h t l y 
r e t r a c t e d axon t e r m i n a l s are d e s c r i b e d as b e i n g i n the e a r l y 
phase o f d e g e n e r a t i o n and those w i t h marked r e t r a c t i o n as i n 
the middle phase o f d e g e n e r a t i o n . E n d - p l a t e s w i t h complete 
g r a n u l a t i o n o f the axon t e r m i n a l s and replacement of the nerve 
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by a x o n a l d e b r i s were never seen i n normal muscles. However, 
o c c a s i o n a l l y e n d - p l a t e s w i t h r e t r a c t e d , somewhat g r a n u l a r axon 
t e r m i n a l s were observed, and these are d e s c r i b e d as i n the l a t e 
phase o f d e g e n e r a t i o n . 
The r e s u l t s o f an e x a m i n a t i o n o f the morphology o f 
endV-plates o f a PDQ muscle o f a young a d u l t c a t (C251) 2^hr 
a f t e r nerve s e c t i o n are summarized i n Table 2. A comparison 
o f these r e s u l t s w i t h those o f normal PDQ muscles (Table 4) 
shows t h a t t h ey are s i m i l a r i n a l l r e s p e c t s , except f o r the 
g r e a t l y i n c r e a s e d p r o p o r t i o n o f e n d - p l a t e s i n the e a r l y phase 
o f d e g e n e r a t i o n . 
FIGURE 3 . Diagrams o f the t y p i c a l changes i n e n d - p l a t e 
morphology a f t e r nerve s e c t i o n (based on 
teased s i l v e r p r e p a r a t i o n s ) 
a) The normal motor e n d - p l a t e has d e l i c a t e axon 
t e r m i n a l s , t y p i c a l l y ending i n f i n e t a p e r s . 
b) At abcut 2khr a f t e r nerve s e c t i o n the axon 
t e r m i n a l s are s l i g h t l y r e t r a c t e d and s w o l l e n . 
c ) A f t e r '-i-8hr the axon t e r m i n a l s are f u r t h e r 
r e t r a c t e d and s w o l l e n , o f t e n f o r m i n g o n l y a 
s i n g l e knob. 
d) The f i n a l stage i n the disappearance o f the 
e n d - p l a t e i s reached about 60hr a f t e r nerve 
s e c t i o n . The axon t e r m i n a l s and pa.rt o f 
the t e r m i n a l axon are r e p l a c e d by axonal 
d e b r i s w i t h a g r a n u l a r appearance. 
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2. Morphology o f a j p t o r e n d - p l a t e s o f young a d u l t c a t s 
The main o b j e c t o f t h i s i n v e s t i g a t i o n was t o examine 
i n g r e a t e r d e t a i l and t o q u a n t i f y the o b s e r v a t i o n o f Barker & 
I p ( 1 9 6 5 , 1 9 6 6 ) t h a t motor e n d - p l a t e s show growth and 
d e g e n e r a t i o n i n muscles o f normal young a d u l t c a t s . The 
p r i n c i p a l muscles s e l e c t e d f o r study are PDQ and s o l e u s , but 
o t h e r muscles were a l s o examined i n less- d e t a i l . The morphology 
of the e n d - p l a t e s o f PDQ w i l l be d e s c r i b e d f u l l y , b ut i n o r d e r t o 
reduce r e p e t i t i o n o n l y t h e c h i e f d i f f e r e n c e s w i l l be d e s c r i b e d 
f o r o t h e r muscles. The r e s u l t s o f the m o r p h o l o g i c a l e x a m i n a t i o n 
o f e n d - p l a t e s are summarized i n Table 
2.1 Peroneus d i g i t i q u i n t i 
I n the course o f t h i s s t u d y , no muscle f i b r e r e c e i v i n g 
more than one e n d - p l a t e d e r i v e d from d i f f e r e n t t e r m i n a l axons 
was observed. Over 2,000 motor e n d - p l a t e s were examined from 
t h r e e PDQ muscles o f two normal young a d u l t c a t s , and, s i n c e 
the e n d - p l a t e s and muscle f i b r e s o f d i f f e r e n t muscles were 
s i m i l a r i n r e s p e c t o f a l l c r i t e r i a s t u d i e d , t h e r e s u l t s were 
pooled and t r e a t e d as a s i n g l e e n t i t y . 
The e n d - p i a t e s o f PDQ show a d i v e r s i t y o f form and 
have w e l l developed, f i n e axon t e r m i n a l s , u s u a l l y t e r m i n a t i n g 
i n t a p e r s , a l t h o u g h knobs and r i n g s a l s o occur. There i s a 
d i v e r s i t y o f form o f e n d i n g ( P l a t e s I - I I ) , t h e most complex 
b e i n g o f the Tk type ( F i g . 8b). No duplex endings were found 
i n the t h r e e muscles i n c l u d e d i n the sample, b u t a s i n g l e example 
was p r e s e n t i n a n o t h e r PDQ muscle ( F i g . 8d). 
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The f r e q u e n c i e s o f e n d - p l a t e t y p e s , growth and 
d e g e n e r a t i o n i n PDQ are summarized i n Table k. The p r o p o r t i o n 
of T l e n d - p l a t e s was about f o u r times as h i g h as t h a t o f the 
more complex forms. Only 1.5% o f a l l e n d - p l a t e s were o f the 
T3 t y p e . The more complex T2 and T3 types o f e n d - p l a t e were 
u s u a l l y formed by b r a n c h i n g a t t h e t e r m i n a l node ( P l a t e l i b , e ) , 
but sometimes the t e r m i n a l axon branched a t a more p r o x i m a l node 
( P l a t e I l a , d, f ) . The p r o p o r t i o n o f the number o f axon t e r m i n a l s 
d e r i v e d from each o f the m y e l i n a t e d branches o f the t e r m i n a l axon 
was v e r y v a r i a b l e . I n some cases the branches formed a p p r o x i m a t e l y 
equal numbers o f axon t e r m i n a l s , i n o t h e r s one branch p r o v i d e d 
n e a r l y a l l the t e r m i n a l s . 
Growth c o n f i g u r a t i o n s most commonly arose from the 
t e r m i n a l node. C o n t r i b u t i o n s c o u l d form more or l e s s axon 
t e r m i n a l s than the p a r e n t e n d i n g . The range o f v a r i a t i o n i n 
o r i g i n and t e r m i n a t i o n o f s p r o u t s and c o n t r i b u t i o n s i s i l l u s t r a t e d 
i n P l a t e s V I - V I I . Growth c o n f i g u r a t i o n s were a s s o c i a t e d w i t h 
1 5 . 6 % o f t e r m i n a l axons (Table 4 ) . I n every case the growth 
c o n f i g u r a t i o n passed t o the s o l e - p l a t e o f the p a r e n t e n d - p l a t e 
and g e n e r a l l y ended c l o s e t o i t s axon t e r m i n a l s . O c c a s i o n a l l y , 
however, the axon t e r m i n a l s o f the c o n t r i b u t i o n l a y among those 
o f the p a r e n t e n d - p l a t e ( P l a t e s V i c , V l l d ) . That growth 
c o n f i g u r a t i o n s do indeed end on t h e same s o l e - p l a t e as the 
p a r e n t ending was most e v i d e n t when the n u c l e i o f the s o l e - p l a t e 
were v i s i b l e ( e . g . P l a t e Vic - d ) . 
C o n t r i b u t i o n s o c c u r r e d w i t h t w i c e the f r e q u e n c y o f 
s p r o u t s and were absent from T3 e n d - p l a t e s . The l a t t e r f i n d i n g 
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may be a t t r i b u t e d t o the s m a l l s i z e o f the sample o f TJ end-
p l a t e s . O c c a s i o n a l l y a c o n t r i b u t i o n w i t h a more or l e s s 
l o c a l i z e d t h i c k e n i n g of i t s axon was encountered. Such 
c o n f i g u r a t i o n s were i n t e r p r e t e d as i n d i c a t i n g t h a t m y e l i n a t i o n 
was t a k i n g p l a c e ( P l a t e V l f ) . E n d-plates o f the T l form 
r e c e i v e d p r o p o r t i o n a t e l y more growth c o n f i g u r a t i o n s than T2 
endings. This d i f f e r e n c e was l a r g e l y due t o the r e l a t i v e l y 
h i g h p r o p o r t i o n o f T l e n d - p l a t e s r e c e i v i n g c o n t r i b u t i o n s 
(11.4% compared w i t h 5.6% o f T2 e n d - p l a t e s ) , s i n c e the p r o p o r t i o n 
o f s p r o u t s a s s o c i a t e d w i t h these two p r i n c i p a l t y p e s of e n d - p l a t e 
were a p p r o x i m a t e l y e q u a l . Less than 1% o f e n d - p l a t e s r e c e i v e d 
more than one growth c o n f i g u r a t i o n and i n such cases t h e r e were 
two s p r o u t s or two c o n t r i b u t i o n s . 
The r a t i o o f t h e number o f muscle f i b r e s r e c e i v i n g 
e n d - p l a t e s t o the number o f t e r m i n a l axons s u p p l y i n g them 
(F.T.I.R.) was 1.02 (Table 4). T h i s i n d i c a t e s t h a t the i n c i d e n c e 
o f c o l l a t e r a l b r a n c h i n g i s e x t r e m e l y low compared w i t h v a l u e s 
o b t a i n e d i n v a r i o u s muscles o f r a t and man (Edds, 1950; 
Coers, 1955; Coers & Woolf, 1959). I n each case o f c o l l a t e r a l 
b r a n c h i n g the t e r m i n a l axon d i v i d e d t o form e n d - p l a t e s on two 
separate muscle f i b r e s ( i . e . no case o f a t e r m i n a l axon 
i n n e r v a t i n g more th a n two muscle f i b r e s was s e e n ) . A l l the 
c o l l a t e r a l e n d - p l a t e s were w e l l - f o r m e d w i t h m y e l i n a t e d axons 
and c o u l d not be c o n s i d e r e d as 'young e n d - p l a t e s ' (Barker & 
I p , 1966). Nor were any cases o f the f o r m a t i o n o f a second 
en d - p l a t e on a muscle f i b r e by c o l l a t e r a l b r a n c h i n g observed. 
Such cases o f T i y p e r n e u r o t i z a t i o n ' have been r e p o r t e d i n c o l l a t e r a l 
r e g e n e r a t i o n (Hoffman, 1951, 1953). 
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The p r o p o r t i o n s o f T l and T2 c o l l a t e r a l e n d - p l a t e s 
and the i n c i d e n c e o f growth c o n f i g u r a t i o n s were not markedly 
d i f f e r e n t from those o f the sample as a whole. Although no 
T3 c o l l a t e r a l e n d - p l a t e s were found i n any o f the t h r e e muscles 
i n the sample, a s i n g l e i n s t a n c e o f t e r m i n a l axon b r a n c h i n g t o 
form two T3 e n d - p l a t e s was found i n a PDQ muscle o f another 
young a d u l t c a t . 
There was no apparent r e l a t i o n s h i p between the form 
of the members o f a p a i r o f c o l l a t e r a l e n d - p l a t e s . Thus, i n 
o n l y one i n s t a n c e were both members o f a p a i r o f the T2 form. 
Nor was t h e r e any r e l a t i o n s h i p between the presence o f a growth 
c o n f i g u r a t i o n on members o f a c o l l a t e r a l p a i r . No d e g e n e r a t i n g 
c o l l a t e r a l e n d - p l a t e s were observed. 
I n a l l , Ik.6% o f the e n d - p l a t e s i n PDQ muscles o f 
normal young a d u l t c a t s were considered t o be under g o i n g 
d e g e n e r a t i o n . Of t h e s e , a p p r o x i m a t e l y 70% were i n the e a r l y 
phase (Table M . A p p r o x i m a t e l y e q u a l p r o p o r t i o n s o f T l and 
T2 e n d - p l a t e s were a f f e c t e d (15.Wo and 17.8% r e s p e c t i v e l y . 
A l l the 35 T3 e n d - p l a t e s i n the sample appeared c o m p l e t e l y 
normal. 
Some 30?o o f d e g e n e r a t i n g e n d - p l a t e s r e c e i v e d growth 
c o n f i g u r a t i o n s . I n every case where the growth c o n f i g u r a t i o n 
was a c o n t r i b u t i o n i t s axon t e r m i n a l s had the same r e t r a c t e d 
or s w o l l e n appearance as those o f the d e g e n e r a t i n g p a r e n t 
e n d - p l a t e . I n o t h e r words, where a c o n t r i b u t i o n o c c u r r e d 
on a d e g e n e r a t i n g e n d - p l a t e , i t too appeared t o be a f f e c t e d 
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2.2 Soleus 
I n terms o f t h e i r g e n e r a l appearance the e n d - p l a t e s 
o f soleus are l e s s d e l i c a t e than those o f PDQ. The axon 
t e r m i n a l s are fewer, s h o r t e r and co a r s e r than i n PDQ and 
commonly end i n knobs r a t h e r than i n the f i n e t a p e r s or r i n g s 
t y p i c a l o f the l a t t e r muscle. As n o t e d by Nystrom (1968b), 
the most d i s t a l p o r t i o n o f the t e r m i n a l axon i s f r e q u e n t l y 
c u r l e d round on i t s e l f so t h a t the axon t e r m i n a l s l i e t o one 
side o f i t . Examples o f t y p i c a l s o l e u s e n d - p l a t e s are shown 
i n P l a t e V i l l a - g and the r e s u l t s o f the m o r p h o l o g i c a l 
e x a m i n a t i o n are summarized i n Table 4. 
There were f a r fewer complex endings than i n PDQ, 
T2 e n d - p l a t e s c o n s t i t u t i n g o n l y 1% o f the sample (21.5% i n 
PDQ) and T3 endings were c o m p l e t e l y absent. The i n c i d e n c e 
o f growth c o n f i g u r a t i o n s was a l s o much low e r than i n PDQ 
( 4 . 1 % ' and 15.6%, r e s p e c t i v e l y . Again, no s p r o u t s p a s s i n g 
t o muscle f i b r e s o t h e r than the one b e a r i n g the p a r e n t ending 
were observed. Only one en d - p l a t e r e c e i v e d more than one 
growth c o n f i g u r a t i o n . 
The F.T.I.R. was 1.02, the same as i n PDQ. A l l 
the c o l l a t e r a l e n d - p l a t e s were o f t h e T l form, as might be 
expected from the predominance o f these endings i n the sample 
as a whole. One c o l l a t e r a l e n d - p l a t e showed evidence o f 
growth. I n t h i s muscle two d e g e n e r a t i n g c o l l a t e r a l e n d - p l a t e s 
were observed. They were d e r i v e d from the same t e r m i n a l axon 
and b o t h were i n the mi d d l e phase o f d e g e n e r a t i o n . 
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The assessment o f d e g e n e r a t i o n i n soleus e n d - p l a t e s 
i s more d i f f i c u l t t han i n the p e r o n e a l muscles because o f 
t h e i r c o a r s e r appearance, but g e n e r a l l y the s w o l l e n , 
r e t r a c t e d axon t e r m i n a l s , c h a r a c t e r i s t i c o f middle d e g e n e r a t i o n , 
are u n m i s t a k a b l e on c a r e f u l s c r u t i n y ( c f . P l a t e s V i l l a - g and 
I X e ) . 
The i n c i d e n c e c f d e g e n e r a t i n g e n d - p l a t e s was 12.2%, 
a l i t t l e l e s s than i n PDQj however, u n l i k e PDQ, the m a j o r i t y 
were i n t h e middle phase o f d e g e n e r a t i o n . Growth c o n f i g u r a t i o n s 
were a s s o c i a t e d w i t h 10.3% o f a l l d e g e n e r a t i n g e n d - p l a t e s . 
2.3 Peroneus b r e v i s 
T h i s muscle was i n c l u d e d i n the s t u d y because i t 
resembles PDQ i n form and f u n c t i o n more c l o s e l y than s o l e u s 
does. Consequently, an e x a m i n a t i o n o f i t s t e r m i n a l i n n e r v a t i o n 
may be expected to g i v e a measure o f the more s u b t l e v a r i a t i o n s 
i n the morphology o f motor e n d - p l a t e s w i t h r e s p e c t t o muscle 
f u n c t i o n . I n o r d e r t o s i m p l i f y t h e p r e s e n t a t i o n o f the 
r e s u l t s and t o f a c i l i t a t e comparisons between the two p r i n c i p a l 
muscles s t u d i e d , the r e s u l t s o f the m o r p h o l o g i c a l e x a m i n a t i o n 
o f PB are t a b u l a t e d s e p a r a t e l y (Table 3 ) . 
I n a d d i t i o n t o the m o r p h o l o g i c a l study o f the t e r m i n a l 
i n n e r v a t i o n whole f a s c i c l e s o f muscle f i b r e s were teased and 
examined t h r o u g h o u t t h e i r l e n g t h t o determine whether any o f 
the muscle f i b r e s r e c e i v e d more than one e n d - p l a t e . I t was 
not p o s s i b l e t o determine p r e c i s e l y the number o f f i b r e s 
examined, b u t i t was e s t i m a t e d t h a t t h e sample s i z e v/as a t l e a s t 
kOO. I n no case d i d a f i b r e r e c e i v e more than one e n d - p l a t e . 
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T h i s f i n d i n g c o n f i r m s t h e o b s e r v a t i o n s made on the e n d - p l a t e 
r e g i o n o f o t h e r muscle f i b r e s . 
I n terms o f t h e i r g e n e r a l form the e n d - p l a t e s o f 
PB are s i m p l e r than those o f PDQ, h a v i n g fewer, more widely-
s eparated axon t e r m i n a l s . The muscle appears t o c o n t a i n 
more c o n n e c t i v e t i s s u e and t o have a h i g h e r degree o f 
v a s c u l a r i z a t i o n than PDQ. I n terms o f the p r o p o r t i o n s o f 
complex e n d - p l a t e s , PB i s i n t e r m e d i a t e between PDQ and s o l e u s , 
T2 and T3 endings t o g e t h e r c o n s t i t u t i n g 10% o f the sample 
(PDQ, 23%; s o l e u s , 1 % ) . The i n c i d e n c e o f growth c o n f i g u r a t i o n s 
i s 8% (Table 3 ) , the same as i n s o l e u s . However, PB resemble 
PDQ i n t h a t s p r o u t s occur w i t h t w i c e the frequency o f c o n t r i b u t i o n s . 
A l l the growth c o n f i g u r a t i o n s ended on t h e s o l e - p l a t e 
o f the p a r e n t ending as they d i d i n soleus and PDQ. End - p l a t e s 
o f the T l form r e c e i v e d p r o p o r t i o n a t e l y more growth c o n f i g u r a t i o n s 
than the o t h e r forms. Three e n d - p l a t e s r e c e i v e d more than one 
growth c o n f i g u r a t i o n . One o f these r e c e i v e d a s p r o u t and a 
c o n t r i b u t i o n ; the o t h e r s each r e c e i v e d two c o n t r i b u t i o n s . 
Cases o f c o l l a t e r a l b r a n c h i n g were more f r e q u e n t 
than i n PDQ and soleus as shown by the F.T.I.R. o f 1.03. 
However, Coers (1955) has p o i n t e d o ut t h a t the mu s c l e - t o -
muscle v a r i a t i o n i n the F.T.I.R. i s such t h a t an i n c r e a s e o f 
t h i s magnitude i s n o t l i k e l y t o be s i g n i f i c a n t . I t was 
n o t i c e a b l e t h a t a much g r e a t e r p r o p o r t i o n o f the c o l l a t e r a l 
b r a n c h i n g o f t h e t e r m i n a l axons o c c u r r e d i n the s m a l l i n t r a -
muscular nerve t r u n k s , r a t h e r than more d i s t a l l y i n the 
t e r m i n a l sprays as i n PDQ and s o l e u s . I n a s i n g l e case 
a t e r m i n a l axon formed t h r e e e n d - p l a t e s , i n the remainder 
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o n l y two e n d - p l a t e s were formed by the b i f u r c a t e d t e r m i n a l 
axon. The p r o p o r t i o n o f T2 c o l l a t e r a l e n d - p l a t e s was 
c o n s i d e r a b l y h i g h e r than i n the sample as a whole (25% and 
9.7%, r e s p e c t i v e l y ) . I n o n l y one case were b o t h members o f 
a c o l l a t e r a l p a i r o f the T2 form. No T3 c o l l a t e r a l e n d - p l a t e s 
were encountered. Growth c o n f i g u r a t i o n s were a s s o c i a t e d w i t h 
o n ly t h r e e c o l l a t e r a l e n d - p l a t e s but never w i t h b o t h members 
o f a c o l l a t e r a l p a i r . 
The t o t a l amount of d e g e n e r a t i o n i n PB was k.2% 
(Table 3 ) j o n l y a t h i r d o f t h a t i n PDQ and s o l e u s . A l l the 
d e g e n e r a t i n g e n d - p l a t e s were o f the T l form and as i n soleus 
the m a j o r i t y had t h e s w o l l e n , r e t r a c t e d appearance c h a r a c t e r i s t i c 
o f the middle phase o f d e g e n e r a t i o n . Only f o u r (8%) d e g e n e r a t i n 
e n d - p l a t e s r e c e i v e d a growth c o n f i g u r a t i o n . 
FIGURE 4. Graph of 172 end-plate and muscle f i b r e 
diameters from teased s i l v e r preparations of PDQ 
muscles of a normal young adult cat (C254). Each 
form of the end-plate i s denoted by a separate 
symbol:-
O Simple end-plate 
end-plate r e c e i v i n g a. nodal sprout 
OT^ end-plate r e c e i v i n g a c o n t r i b u t i o n 
• end-plate r e c e i v i n g a myelinating 
c o n t r i b u t i o n 
•Tg end-plate without evidence of growth 
•Tg end-plate r e c e i v i n g a sprout or 
c o n t r i b u t i o n 
A T 3 end-plate 
A other more complex end-plates 
O v e r a l l , the end-plate and muscle f i b r e diameters are 
s i g n i f i c a n t l y c o r r e l a t e d (r = 0.37; P < 0.001; 
y = 0.55J^+ 38.1), and the r e g r e s s i o n l i n e i s shown 
by the s o l i d l i n e . The c o r r e l a t i o n for end-plates 
r e c e i v i n g c o n t r i b u t i o n s i s shown as a dotted l i n e 
(n = 28; r = 0.50; p<0.01; y = 0.54* + 28.4). 
There i s considerable d i s p e r s i o n of the points and 
the ranges of values f o r each i n d i v i d u a l end-plate 
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3. Measurements of motor end-plates and muscle f i b r e s 
of young adult cats 
A study of the measurements of end-plates and t h e i r 
muscle f i b r e s can be expected to shed l i g h t upon t h e i r 
r e l a t i o n s h i p s . The r e s u l t s of these measurements and of 
the numbers of axon terminals per end-plate are summarized 
i n Tables 5 - 6 . 
Table 5 shows the data from the PDQ muscles of both 
the young adult and the 10 year o l d cats and Table 6 the values 
for the soleus muscles of young ad u l t and ageing cats. This 
arrangement has been adopted to demonstrate as c l e a r l y as 
possible the changes occurring w i t h ageing (Results, 5.2). 
I n each case the data are grouped according to 
the end-plate types, arranged i n increasing order of complexity 
( i . e . simple T l end-plates f i r s t , then T l end-plates r e c e i v i n g 
nodal sprouts, and so on up to T3 endings). Even where the 
sample sizes are too small to be adequate f o r s t a t i s t i c a l 
a n a l y s i s , the r e s u l t s are shown f o r comparison. The mean 
values f o r each muscle are also included but must be t r e a t e d 
w i t h some caution because the samples were not taken e n t i r e l y 
at random; the r a r e r complex end-plates were sometimes 
s p e c i f i c a l l y sought i n order to increase sample sizes. 
S t a t i s t i c a l l y s i g n i f i c a n t v a r i a t i o n s from the normal d i s t r i b u t i o n 
are i n d i c a t e d . 
I t should be noted t h a t the end-plate and muscle 
f i b r e diameters consist of paired data but that the number 
of axon terminals was estimated i n end-plates other than those 
measured and not i n every case where an end-plate was measured. 
Consequently the sample sizes a v a i l a b l e f o r assessing the degree 
of c o r r e l a t i o n between t h i s l a s t parameter and the others are 
somewhat lower than might be expected and are given where 
r e l e v a n t . 
3.1 Peroneus d i g i t i q u i n t i 
I n view of the d i v e r s i t y of morphological types of 
end-plate i n t h i s muscle (Table 4 ) , i t i s of p a r t i c u l a r i n t e r e s t 
to determine the nature of the v a r i a t i o n s between them. There-
f o r e , the r e s u l t s w i l l be presented f i r s t l y as a whole and 
secondly w i t h regard to the end-plate types. 
3.11 Population values. The mean values w i t h t h e i r 
standard e r r o r s are given i n Table 5. The end-plate and muscle 
f i b r e diameters were p o s i t i v e l y c o r r e l a t e d to a s i g n i f i c a n t 
extent ( r = 0.37, PC0.001), however there i s considerable 
dispersion of t h e i r values about the calculated regression 
l i n e s ( F i g . k). The d i s t r i b u t i o n of the muscle f i b r e diameters 
i s given as a histogram i n Fig. 10. The end-plate diameter i s 
also p o s i t i v e l y c o r r e l a t e d w i t h the number of axon terminals 
(F i g . 5), although the degree of s i g n i f i c a n c e i s lower (n = 72, 
r = 0.28, P<0.02), presumably due to the smaller sample s i z e . 
Thus, i t may be said t h a t l a r g e r muscle f i b r e s tend to have 
l a r g e r end-plates w i t h greater numbers of axon terminals. 
The mean value f o r the percentage r a t i o of end-plate 
and muscle f i b r e diameters i s 5^.4- (S.E. 0.97). The mean 
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r a t i o of the two measured orthogonal axes of the end-plates 
(the a x i a l r a t i o ) i s l.J>6 (S.E. O.O65), i n d i c a t i n g that the 
end-plates were c o n s i s t e n t l y somewhat elongated i n the long 
axis of the muscle f i b r e . For t h i s reason the a x i a l r a t i o 
was not s i g n i f i c a n t l y d i f f e r e n t from the L1/L2 r a t i o (Methods, 
5.13). 
3.12 End-plate types. The muscle f i b r e diameter 
percentage r a t i o and the a x i a l r a t i o d i d not vary s i g n i f i c a n t l y 
between end-plate types. A few of the values f o r the number 
of axon terminals and end-plate diameter were s i g n i f i c a n t l y 
d i f f e r e n t from those of other forms of end-plate. These two 
parameters appear to form a graded series showing a clear 
tendency to increase w i t h increasing morphological complexity 
of the end-plate (Table 5 ) • Thus, although the d i s t r i b u t i o n 
of the whole population of end-plate diameters shows both skew 
and k u r t o s i s ( g l = 1.05, P<0.001; g2 = 1.93, P< 0.001) t h i s 
could not be a t t r i b u t e d to the presence of s p e c i f i c sub-
populations of d i f f e r e n t forms of end-plate. The range of 
the diameters of each form of end-plate overlapped that of 
the adjacent forms i n the s e r i e s . For example the range f o r 
simple T l end-plates i s (l6.3 - 40.7um), v i r t u a l l y the same as 
that of the population as a whole, v i z . 1^.8 - 49.3um (see also 
Fig. k ) . 
When the data are considered according to end-plate 
type, the c o r r e l a t i o n between the number of axon terminals and 
end-plate diameter i s not s i g n i f i c a n t i n any of the sub-groups. 
S i m i l a r l y , the c o r r e l a t i o n between end-plate and muscle f i b r e 
diameter remains s t a t i s t i c a l l y s i g n i f i c a n t i n only two sub-
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groups; T l end-plates r e c e i v i n g c o n t r i b u t i o n s ( r = 0.50, 
P<0.01) and T2 end-plates ( r = 0.6l, P< 0.001). This loss 
of c o r r e l a t i o n i n the remaining sub-groups must be a t t r i b u t e d 
to the small sample sizes. 
3.2 Soleus 
The vast m a j o r i t y of end-plates are of the simple 
T l form and the r e s u l t s w i l l t herefore be tre a t e d only as a 
whole. A l l three parameters shown i n Table 6 are s i g n i f i c a n t l y 
d i f f e r e n t (P< 0.001) from the corresponding values i n PDQ. 
The f i n d i n g that the end-plates of soleus are smaller 
than those of the ' f a s t ' peroneal muscles confirms the work of 
Gerebtzoff, P h i l i p p c t & Dallemagne (195*0 and disagrees w i t h the 
observations of Nystrom (1968b) who found t h a t the end-plates of 
soleus are l a r g e r than those of gastrocnemius. 
The increase i n the muscle f i b r e diameter i s the most 
s t r i k i n g feature and i s to be expected i n a p o s t u r a l muscle 
which i s used much more than the 'phasic' peroneal muscles 
(Vrbova, 1962). A consequence of the increased muscle f i b r e 
diameter w i t h a reduced end-plate diameter i s the f a c t t h a t 
the percentage r a t i o of 32.1 (S.E. 1.26) i s also s i g n i f i c a n t l y 
lower (P< 0.001) than i n PDQ. This contrasts w i t h the f i n d i n g 
of Nystrom (1968b) who found t h a t the percentage r a t i o i n both 
soleua and gastrocnemius muscles of the cat was about 50. 
The mean a x i a l r a t i o of 1.^1 (S.E. 0.106) i s not 
s i g n i f i c a n t l y d i f f e r e n t from the values i n PDQ. This contrasts 
w i t h Nystrom's (1968b) f i n d i n g t h a t the end-plates of soleus 
are more elongated than those of gastrocnemius. The d i s t r i b u t i o n s 
of the numbers of axon terminals and the end-plate diameters 
both show skew and k u r t o s i s ( g l = 1.29, P<" 0.001, g2 = 3.19, 
P<0.001; g l = 0.97, P<0.01, g2 = 1.58, P<0.05, r e s p e c t i v e l y ) . 
C l e a r l y , since the end-plates i n t h i s sample are v i r t u a l l y a l l 
of the same morphological type, the deviatio n s from normality 
cannot be accounted f o r by any consistent v a r i a t i o n s i n the 
c h a r a c t e r i s t i c s of any one type. This observation confirms 
the f i n d i n g s i n PDQ. The d i s t r i b u t i o n of the muscle f i b r e 
diameters i s normal and i s shown as a histogram i n Fig. 10. 
Unlike the s i t u a t i o n i n PDQ, the end-plate and 
muscle f i b r e diameters are not c o r r e l a t e d . Because the 
estimates of the numbers of axon terminals per end-plate were 
not made at the same time as the measurements were c a r r i e d out, 
i t was not possible to determine whether there was any c o r r e l a t i o n 
between t h i s parameter and the others. 
3. 3 Peroneus br e v i s 
As before, the r e s u l t s are not tabulated w i t h those 
of PDQ and soleus. Because of the paucity of complex end-
plates (Table 3) i t was not possible to obtain s u f f i c i e n t 
numbers to warrant t r e a t i n g the d i f f e r e n t end-plate types 
separately and the data are therefore t r e a t e d only as a whole. 
The mean values f o r the number of axon ter m i n a l s , 
end-plate diameter and muscle f i b r e diameter were 5-6 (S.E. 0.25), 
23.l^m (S.E. 0.61), and 53.1p.m (S.E. 1.35), r e s p e c t i v e l y . The 
number of end-plates i n the sample was 73 i n the case of the 
axon terminals and 100 each f o r the diameter measurements. 
A l l three parameters were d i s t r i b u t e d normally. 
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The mean muscle f i b r e diameter of PB i s not 
s i g n i f i c a n t l y d i f f e r e n t from t h a t of PDQ and, l i k e the l a t t e r , 
i t i s s i g n i f i c a n t l y smaller than i n soleus (P< 0.001). The 
mean end-plate diameter i s the same as i n soleus and s i g n i f i c -
a n t l y lower than i n PDQ (P< 0.001). The mean number of axon 
terminals of PB end-plates i s also intermediate between the 
values f o r soleus and PDQ, but the di f f e r e n c e s are not 
s t a t i s t i c a l l y s i g n i f i c a n t . The end-plates of PB are more 
rounded than i n e i t h e r PDQ or soleus as shown by the mean a x i a l 
r a t i o of 1.15 (S.E. 0.046), s i g n i f i c a n t l y lower (P< 0.001) than 
PDQ and soleus values. These r e l a t i o n s h i p s are r e f l e c t e d i n 
the percentage r a t i o of end-plate and muscle f i b r e diameter 
(44.5, S.E. 0.97) which i s intermediate between those of PDQ 
(54.4, S.E. 0.97) and soleus (32.1, S.E. 1.26) and s i g n i f i c a n t l y 
d i f f e r e n t from both (P< 0.001). Thus, the observation t h a t the 
end-plates of PB are somewhat simpler i n form than those of PDQ, 
but not as simple as those of soleus, receives q u a n t i t a t i v e 
confirmation from these data. 
The end-plate and muscle f i b r e diameters are 
s i g n i f i c a n t l y c o r r e l a t e d ( r = 0.67, P< 0.001; F i g . 6 ) . 
S i m i l a r l y , the number of axon terminals i s c o r r e l a t e d w i t h 
the end-plate diameter ( r = 0.71, P< 0.001; F i g . . 7 ) . 
Clearl y , the degree of c o r r e l a t i o n i s much greater than i n 
PDQ. This i s r e f l e c t e d by the f a c t t h a t the number of axon 
terminals i s also c o r r e l a t e d w i t h the muscle f i b r e diameter 
i n a s t a t i s t i c a l l y h i g h l y s i g n i f i c a n t manner, although the 
c o r r e l a t i o n c o e f f i c i e n t i s reduced ( r = 0.53, P< 0.001), 
r e l a t i v e to tha t f o r the c o r r e l a t i o n between the number of 
axon terminals and the end-plate diameter. 
FIGURE 6. Graph of end-plate and muscle f i b r e diameters 
of the PB muscle of a normal young ad u l t cat 
(C25^) 
The sample size i s 100. The c o r r e l a t i o n 
i s h i g h l y s i g n i f i c a n t ( r = 0.67, P< 0.001; 
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FIGURE 7. Graph of the number of axon terminals and 
end-plate diameters of the PB muscle of a 
normal young adult cat (025^) 
The number of end-plates i n the sample i s 73• 
The c o r r e l a t i o n i s h i g h l y s i g n i f i c a n t ( r = 0.71, 
P< 0.001; y = 0.27x - 0.05). Some po i n t s have 
been s l i g h t l y displaced along the ordinate to 
improve c l a r i t y . 
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k. Conclusions from the study of the te r m i n a l 
i n n e r v a t i o n of young ad u l t cats 
The r e s u l t s demonstrate t h a t PDQ, PB and soleus 
muscles have c h a r a c t e r i s t i c a l l y d i f f e r e n t frequencies of 
end-plate types, PDQ having the highest incidence of the 
more complex forms and soleus the lowest. There are also 
v a r i a t i o n s i n the incidence of growth and degeneration. 
The end-plates of PB resemble those of soleus i n size and are 
intermediate between PDQ and soleus i n respect of frequency 
of complex forms and the number of axon ter m i n a l s . The mean 
muscle f i b r e diameter, however, i s the same as t h a t i n PDQ 
and much lower than i n soleus. These v a r i a t i o n s may be seen 
as a r e f l e c t i o n of the d i f f e r e n t f u n c t i o n s of the muscles. 
Thus, the peroneal muscles are used r e l a t i v e l y seldom, while 
soleus i s subject to almost constant e x c i t a t i o n (Vrbova, 1962), 
which might explain the increased muscle f i b r e diameter i n 
soleus. The d i f f e r e n c e between PDQ and PB may be a t t r i b u t a b l e 
to more subtle v a r i a t i o n s i n usage. For example, PB probably 
has a slower c o n t r a c t i o n speed than PDQ (see Table 10 and 
Barker e_t a l . , 1970), and t h i s may explain the lower incidence 
of complex endings i n PB. 
The r e s u l t s of the measurements of end-plates and 
muscle f i b r e s and the estimates of the number of axon terminals 
show t h a t there i s a tendency f o r more complex end-plates to be 
la r g e r and to have more axon ter m i n a l s . However, these parameters 
appear to bear no r e l a t i o n s h i p to the muscle f i b r e diameter 9 
hi 
The r e s u l t s of the morphological study of the 
term i n a l i n n e r v a t i o n confirm Barker & I p 1 s (1966) f i n d i n g 
t h a t the end-platea- of normal muscles of young adult mammals 
undergo growth and degeneration. However, they do not support 
t h e i r hypothesis t h a t the two processes are causally r e l a t e d i n 
a c y c l i c process of growth and decay ('replacement', see F i g . 17) 
f o r two reasons. 
F i r s t l y , a l l the growth c o n f i g u r a t i o n s were i n contact 
w i t h the sole-plate of the parent ending, and there was no 
evidence of the formation of new end-plates by s u b s t i t u t i o n 
( F i g . !??d - f ) or c o l l a t e r a l s p r o u t i n g . Secondly, i f 
'replacement' were t a k i n g place i t would be expected t h a t most, 
i f not a l l , degenerating end-plates would receive a growth 
c o n f i g u r a t i o n . I n f a c t only 30% of a l l degenerating end-plates 
i n PDQ do so, and the proportions i n soleus and PB are even 
lower (10.3% and 8%\ r e s p e c t i v e l y ) . 
These poi n t s w i l l be discussed more f u l l y elsewhere. 
For the present i t i s s u f f i c i e n t to say t h a t the hypothesis 
of end-plate 'replacement' must be regarded as untenable, 
and t h a t the explanation f o r the v a r i a t i o n s of end-plate 
morphology must be sought elsewhere. I t appears that growth 
and degeneration are unrelated, and i t i s suggested t h a t growth 
might be involved i n the formation of the more complex forms 
of the end-plate from simpler forms. According to t h i s 
hypothesis of end-plate e l a b o r a t i o n , sprouts and c o n t r i b u t i o n s 
are seen as successive stages i n the formation of more complex 
end-plates ( F i g . l 9 ) . I f growth and degeneration are not 
r e l a t e d , then i t seems probable t h a t degenerating end-plates 
k8 
are l o s t and th a t there w i l l be a concomitant reduction i n 
the number of muscle f i b r e s . 
In order to t e s t t h i s hypothesis of end-plate 
e l a b o r a t i o n the te r m i n a l i n n e r v a t i o n of cats aged 6 - l 8 years 
was examined i n the same way as i n the young ad u l t animals. 
I f the hypothesis i s c o r r e c t i t would be expected t h a t the 
pr o p o r t i o n of the more complex end-plates would be greater 
i n the muscles of these older animals, and th a t the number 
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5. The term i n a l innervation:., of ageing cats 
The term i n a l i n n e r v a t i o n of ageing i n d i v i d u a l s may 
be expected to show signs of a l l the processes of growth and 
degeneration t h a t have occurred. Accordingly, muscles from 
cats aged 6, 10 and l8 years o l d were examined i n the same way 
as muscles from young adult animals. I n the f o l l o w i n g sections, 
the r e s u l t s of these examinations are presented and compared w i t h 
those from young a d u l t s . 
5.1 Morphology of motor end-plates of ageing cats 
Only PDQ and soleus muscles were examined, and the 
number of muscles a v a i l a b l e was l i m i t e d by the d i f f i c u l t y of 
obtaining o l d animals. Several muscles were excluded because 
of post-mortem a u t o l y s i s of the te r m i n a l axons and end-plates. 
These changes were due to unavoidable delays i n f i x i n g the muscles 
p r i o r to s i l v e r impregnation. The terminal i n n e r v a t i o n of soleus 
appeared to be more r e s i s t a n t to these changes, and consequently 
more were studied. As before, the r e s u l t s f o r PDQ and soleus 
w i l l be presented separately. 
5.12 Ten year old peroneus d i g i t i q u i n t i . I n order 
to f a c i l i t a t e comparisons the r e s u l t s of the morphological 
examination are summarized alongside those of the young a d u l t 
muscle (Table 4). Examples of end-plates from t h i s muscle 
are shown i n Plate IX". 
The most s t r i k i n g feature of the term i n a l i n n e r v a t i o n 
of t h i s muscle was the marked increase i n the p r o p o r t i o n of the 
more complex end-plates; T2 end-plates c o n s t i t u t e d kj.k% of 
50 
a l l endings compared w i t h 21.5$ i n the young a d u l t PDQ muscles. 
There was a l s o an i n c r e a s e i n the p r o p o r t i o n o f T3 and T*f end-
p l a t e s ( e . g . F i g . 8b). A few examples o f even more complex (T5) 
e n d - p l a t e s which were n o t encountered i n the young a d u l t muscle 
were a l s o p r e s e n t . 
The i n c i d e n c e o f growth c o n f i g u r a t i o n s was a l s o g r e a t l y 
i n c r e a s e d , 4l.5% o f a l l endings 2?eceiving one or more, compared 
w i t h 15.6% i n the young a d u l t . I n c o n t r a s t t o the l a t t e r , 
however, c o n t r i b u t i o n s were l e s s f r e q u e n t than s p r o u t s . U l t r a -
t e r m i n a l s p r o u t s were o c c a s i o n a l l y observed ( P l a t e I X j ) . The 
i n c i d e n c e o f e n d - p l a t e s r e c e i v i n g two growth c o n f i g u r a t i o n s was 
3.6%, a marked i n c r e a s e over the young a d u l t muscles. The 
p r o p o r t i o n s o f T l and T2 e n d - p l a t e s r e c e i v i n g growth c o n f i g u r a t i o n s 
were i n t h e r a t i o o f 2 : 1, and the r a t i o o f s p r o u t s t o c o n t r i b u t i o n s 
was the same f o r each t y p e . As i n the young a d u l t , e n d - p l a t e s o f 
the T3 form showed l e s s evidence o f growth than the two commoner 
types and c o n f i g u r a t i o n s i n t e r p r e t e d as m y e l i n a t i n g c o n t r i b u t i o n s 
were observed ( P l a t e IXb - c ) . 
The F.T.I.R. was 1.03, s l i g h t l y h i g h e r than i n the 
young a d u l t , i n d i c a t i n g an i n c r e a s e d i n c i d e n c e o f c o l l a t e r a l 
b r a n c h i n g . However, an i n c r e a s e o f t h i s magnitude i s u n l i k e l y 
t o be s i g n i f i c a n t . One t e r m i n a l axon branched t o form t h r e e 
e n d - p l a t e s on separate muscle f i b r e s . A l l o t h e r cases o f 
c o l l a t e r a l b r a n c h i n g r e s u l t e d i n the i n n e r v a t i o n o f two muscle 
f i b r e s by a s i n g l e t e r m i n a l axon. I n two o f these i n s t a n c e s 
c o l l a t e r a l p l a t e s were formed by s e v e r a l s h o r t n o n - m y e l i n a t e d 
o u t g r o w t h s from a node as i n F i g . 8a. There were 18 c o l l a t e r a l 
T2 e n d - p l a t e s (37% o f a l l c o l l a t e r a l e n d - p l a t e s ) , fewer than 
FIGURE 8. Drawings o f motor e n d - p l a t e s 
The e n d - p l a t e s were drawn a t v a r i o u s 
m a g n i f i c a t i o n s from teased s i l v e r p r e p a r a t i o n s 
b u t are reproduced t o t h e same s c a l e . The endings 
i n a, c, e and f are camera l u c i d a drawings; those 
i n b, d and g are t r a c i n g s from photographs. 
a) The lower o f t h i s p a i r o f c o l l a t e r a l e n d - p l a t e s 
i s formed by non- m y e l i n a t e d o u t g r o w t h s from a 
node. The upper e n d - p l a t e r e c e i v e s a s m a l l 
c o n t r i b u t i o n . Young a d u l t PDQ (C230). 
b) T4 e n d - p l a t e . Three o f the m y e l i n a t e d branches 
o f the t e r m i n a l axon a r i s e from the t e r m i n a l node 
the f o u r t h a r i s e s from a more p r o x i m a l node. 
Ten year o l d PDQ (C2°A). 
c) A s h o r t u l t r a t e r m i n a l s p r o u t a r i s e s from the 
axon t e r m i n a l o f an e n d - p l a t e . I t t e r m i n a t e s i n 
a growth cone on the same muscle f i b r e as the 
p a r e n t e n d i n g . Ten year o l d soleus (029*0 . 
d) Duplex e n d - p l a t e . The axon t e r m i n a l s from t h e 
two m y e l i n a t e d branches o f t h e t e r m i n a l axon are 
w i d e l y s e p a r a t e d . Young a d u l t PDQ (C251). 
e) A nod a l s p r o u t (n.sp.) passes towards an end-
p l a t e o t h e r than t h e p a r e n t e n d i n g . I t does 
no t make a s y n a p t i c c o n t a c t but ends i n a 




V e s i c u l a r axonic s w e l l i n g on an axon t e r m i n a l . 
Ten year o l d s o l e u s (029*0. 
V e s i c u l a r axonic s w e l l i n g ( v . ) on a n o d a l spro 
Ten year o l d PDQ (C294). 
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expected from the o v e r a l l p r o p o r t i o n o f T2 endings i n the 
whole sample ( ^ 7 . 4 % ) . S i m i l a r l y t h e r e were p r o p o r t i o n a t e l y 
fewer growth c o n f i g u r a t i o n s (20% compared w i t h i n the 
sample). No r e l a t i o n s h i p wa« apparent between the members o f 
a c o l l a t e r a l p a i r o f e n d - p l a t e s , i n r e s p e c t o f form, or presence 
o f growth c o n f i g u r a t i o n s . Thus, i n o n l y two cases d i d a t e r m i n a l 
axon for m a p a i r o f T2 e n d - p l a t e s , and i n o n l y one case d i d b o t h 
members show evidence o f g r o w t h . No d e g e n e r a t i n g c o l l a t e r a l 
e n d - p l a t e s were observed. Only e i g h t d e g e n e r a t i n g e n d - p l a t e s 
were p r e s e n t i n the sample, one o f these ( 1 2 . 5 % ) r e c e i v e d a 
growth c o n f i g u r a t i o n . A l l were i n the middle phaso o f 
d e g e n e r a t i o n . 
As w e l l as t h e i n c r e a s e d p r o p o r t i o n s o f t h e more 
complex e n d - p l a t e s and growth c o n f i g u r a t i o n s , the e n d - p l a t e s 
o f t h i s muscle appeared t o have s h o r t e r and fewer axon t e r m i n a l s 
than those o f the young a d u l t PDQ muscles. The s o l e - p l a t e 
n u c l e i were g e n e r a l l y w e l l - s t a i n e d and prominent and appeared 
t o be more numerous than i n the young a d u l t ( c f . P l a t e Vic - d, 
and P l a t e IXa - c ) . Such an apparent i n c r e a s e i n t h e number 
o f s o l e - p l a t e n u c l e i has been not e d by Gutmann P< H a n z l i k o v a ( 1 9 6 5 ) 
i n s e n i l e r a t s . 
A f e a t u r e o f the t e r m i n a l i n n e r v a t i o n o f t h i s muscle 
was the b i z a r r e appearance o f many e n d - p l a t e s . Axon t e r m i n a l s 
were o c c a s i o n a l l y e l o n g a t e and even c o i l e d and the t e r m i n a l axons 
were o f t e n f o l d e d up on themselves ( P l a t e I X i ) and, i n some 
i n s t a n c e s , even appeared t o o v e r l i e the axon t e r m i n a l s . 
V e s i c u l a r s w e l l i n g s were o c c a s i o n a l l y found on axon t e r m i n a l s , 
n o d a l s p r o u t s or on nerve f i b r e s i n the i n t r a m u s c u l a r nerve t r u n k s 
( P l a t e IXg - j , F i g . 8 g ) . 
FIGURE 9. Camera l u c i d a drawing o f a motor e n d - p l a t e 
T h i s e n d - p l a t e i s i l l u s t r a t e d i n P l a t e XIc 
and i s from a teased s i l v e r p r e p a r a t i o n o f the 
sol e u s muscle o f an 18 year o l d c a t ( C 2 9 6 ) . 
The s c a l e r e p r e s e n t s 25u.m. 
The n o d a l s p r o u t passes beyond the e n d - p l a t e 
and meanders over the s u r f a c e o f the muscle f i b r e . 
n.sp 
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5.13 Soleus muscles of 6, 10 and l 8 year o l d c a t s . The 
n a t u r e o f the changes i n the morphology o f the e n d - p l a t e s from 
the s o l e u s muscles o f a g e i n g c a t s was s i m i l a r t o those d e s c r i b e d 
i n PDQ. Thus the e n d - p l a t e s were o f t e n o f b i z a r r e form w i t h 
r e l a t i v e l y few axon t e r m i n a l s , and v e s i c u l a r s w e l l i n g s were 
o c c a s i o n a l l y p r e s e n t ( e . g . F i g . 8 f ) . 
The r e s u l t s o f the m o r p h o l o g i c a l e x a m i n a t i o n o f the 
t e r m i n a l i n n e r v a t i o n o f these muscles i s summarized i n Table k. 
The i n c r e a s e i n the p r o p o r t i o n s o f the more complex e n d - p l a t e s 
and g r o w t h c o n f i g u r a t i o n s i s even more s t r i k i n g t h a n i n PDQ, 
because o f the p a u c i t y o f these c o n f i g u r a t i o n s i n the young 
a d u l t muscle. The p r o p o r t i o n s o f T2 and T3 e n d - p l a t e s do n o t 
appear t o be r e l a t e d s o l e l y t o the age o f the a n i m a l , b u t are 
g r e a t e s t i n the muscles from the 6 year o l d c a t . However, 
i n a l l t h r e e muscles the i n c r e a s e i s u n e q u i v o c a l when compared 
t o t h e young a d u l t muscle. S e l e c t e d e n d - p l a t e s from these 
muscles are i l l u s t r a t e d i n P l a t e s IX - X I . Two duplex endings 
were p r e s e n t i n each o f the muscles from the two o l d e s t 
a n i m a l s . 
The muscles o f a l l t h r e e ageing c a t s had a much h i g h e r 
p r o p o r t i o n o f e n d - p l a t e s r e c e i v i n g growth c o n f i g u r a t i o n s than i n 
the young a d u l t . E n d - p l a t e s o f t h e T2 form r e c e i v e d p r o p o r t i o n -
a t e l y fewer growth c o n f i g u r a t i o n s than expected, about 90% o f a l l 
growth c o n f i g u r a t i o n s b e i n g a s s o c i a t e d w i t h T l e n d - p l a t e s . Only 
the e n d - p l a t e s o f the 10 year o l d c a t showed a preponderance o f 
n o d a l s p r o u t s over c o n t r i b u t i o n s . I n these muscles t o o , the 
o n l y example o f a n o d a l s p r o u t p a s s i n g t o muscle f i b r e o t h e r 
than the one b e a r i n g the p a r e n t ending was seen. However, 
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i t d i d n o t appear t o make s y n a p t i c c o n t a c t w i t h the muscle f i b r e , 
which was i t s e l f s u p p l i e d w i t h a separate e n d - p l a t e . I n s t e a d , 
the s p r o u t ended i n a v e s i c u l a r s w e l l i n g ( F i g . 8 e ) . Other 
examples o f l o n g , wandering n o d a l s p r o u t s were o c c a s i o n a l l y 
encountered, but t h e y never passed t o another muscle f i b r e 
( e . g . F i g . 9 ) . A few e n d - p l a t e s formed u l t r a t e r a i i n a l s p r o u t s 
from t h e i r axon t e r m i n a l s , b u t these were always q u i t e s h o r t and 
never passed f a r from the p a r e n t ending ( F i g . 8 c ) . The i n c i d e n c e 
o f e n d - p l a t e s r e c e i v i n g more than one growth c o n f i g u r a t i o n was 
0.2% i n t h e 10 year o l d muscle, the same as i n the young a d u l t . 
The i n c i d e n c e i n the muscles o f t h e 6 and 18 year o l d animals 
was much g r e a t e r (2.5 and 2.2%, r e s p e c t i v e l y ) , r e s e m b l i n g the 
s i t u a t i o n i n a 10 year o l d PDQ. Some c o n t r i b u t i o n s were 
a p p a r e n t l y undergoing m y e l i n a t i o n i n t h e manner observed i n 
PDQ ( P l a t e X g ). 
The F.T.I.R. va l u e s o f the soleus muscles o f t h e 
o l d e r a n i m a l s were t h e same as, or s l i g h t l y l o w e r t h a n , i n 
the young a d u l t (Table . Only one c o l l a t e r a l e n d - p l a t e 
was o f t h e T2 form; a l l t h e o t h e r s were T l e n d - p l a t e s . A 
s i n g l e case i n which a t e r m i n a l axon branched t o s u p p l y end-
p l a t e s t o t h r e e muscle f i b r e s o c c u r r e d . One o f t h e c o l l a t e r a l 
e n d - p l a t e s i n the 10 year o l d was a duplex e n d i n g and anothe r 
was formsd by s h o r t n o n - m y e l i n a t e d o u t g r o w t h s from a node. 
Two u n r e l a t e d c o l l a t e r a l e n d - p l a t e s from the sol e u s o f the 
18 year o l d c a t showed evidence o f growth (c.f. P l a t e I X h ) . 
I t was p o s s i b l e t o assess the p r o p o r t i o n o f 
d e g e n e r a t i o n o n l y i n the muscles o f t h e 10 year o l d c a t , 
because the e n d - p l a t e s o f the o t h e r s had undergone some s l i g h t 
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post-mortem changes, .rendering i t d i f f i c u l t t o see the f i n e , 
d e t a i l o f the axon t e r m i n a l s . The i n c i d e n c e o f d e g e n e r a t i n g 
e n d - p l a t e s i n t h i s muscle was v e r y low r e l a t i v e t o t h a t o f the 
young a d u l t s o l e u s , as was the case i n PDQ. As i n the young 
a d u l t , t h e r e was a preponderance o f endings i n the middle phase 
o f d e g e n e r a t i o n . Growth c o n f i g u r a t i o n s were a s s o c i a t e d w i t h 
o n l y two ( 8 . 3 % ) o f the 2*f d e g e n e r a t i n g e n d - p l a t e s i n the sample. 
Both were n o d a l s p r o u t s and the e n d - p l a t e s were i n t h e f i n a l 
phase o f d e g e n e r a t i o n . 
5.2 Measurements o f e n d - p l a t e s and muscle f i b r e s o f an ageing c a t 
Measurements were taken o n l y i n the 10 year o l d ani m a l 
to r e p r e s e n t the changes o c c u r r i n g w i t h a g e i n g . The r e s u l t s 
f o r PDQ and soleus muscles are t a b u l a t e d s e p a r a t e l y (Tables 5 
and 6, r e s p e c t i v e l y ) , a l o n g s i d e t h e c o r r e s p o n d i n g r e s u l t s f o r 
the young a d u l t muscles. The e n d - p l a t e s o f the muscles o f 
o l d e r o a t s show t h e same tendency to i n c r e a s e i n s i z e and number 
of axon t e r m i n a l s w i t h i n c r e a s i n g c o m p l e x i t y , as i n the young 
a d u l t muscles. However, the e n d - p l a t e s are t h e sajiie s i z e as 
i n t h e young a d u l t muscles and have fewer axon t e r m i n a l s . 
These f i n d i n g s s u p p o r t the m o r p h o l o g i c a l o b s e r v a t i o n s . The 
diameter o f the muscle f i b r e s i s g r e a t l y i n c r e a s e d r e l a t i v e 
t o those o f the young a d u l t muscles. 
5.21 Ten year o l d peroneus d i g i t i q u i n t i . The end-
p l a t e and muscle f i b r e d i a m e t e r s sho-.v a s t a t i s t i c a l l y s i g n i f i c a n t 
degree o f c o r r e l a t i o n ( r = 0.35, P < 0 . 0 2 ) as t h e y d i d i n the 
young a d u l t . The lower l e v e l o f s i g n i f i c a n c e i n the o l d e r 
animal may be a t t r i b u t e d t o the s m a l l e r s i z e o f sample. 
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I t was not p o s s i b l e t o do a d i r e c t t e s t o f the degree o f 
c o r r e l a t i o n between the number o f axon t e r m i n a l s and the o t h e r 
parameters because i t was n o t e s t i m a t e d a t the same time as 
the measurements were t a k e n . However, i t i s c l e a r from Table 5 
t h a t a l l t h r e e parameters ,how the same tendency t o i n c r e a s e w i t h 
the i n c r e a s i n g c o m p l e x i t y o f t h e form of the e n d - p l a t e . As i n 
the young a d u l t , the d i s t r i b u t i o n o f the e n d - p l a t e d i a m e t e r s 
shows b o t h skew and k u r t o s i s t o a s i g n i f i c a n t e x t e n t ( g l -- 1.16, 
P<0.05; g2 = 2.^0, P< 0 . 0 0 1 ) . There i s no s i g n i f i c a n t 
d i f f e r e n c e between the e n d - p l a t e d i a m e t e r s o f the young and o l d 
an i m a l s . The mean number o f axon t e r m i n a l s i s s i g n i f i c a n t l y 
l o w e r than i n the young a d u l t muscles, and shows t h e same d e v i a t i o n 
f r o m the normal d i s t r i b u t i o n (g2 = 0.52, P < 0 . 0 0 l ) . 
The mean muscle f i b r e d iameter i s s i g n i f i c a n t l y 
( P < 0 . 0 5 ) g r e a t e r i n t h e 10 year o l d an i m a l f o r each form o f 
the e n d - p l a t e , except where the sample s i z e i s v e r y s m a l l (Table 5 ) . 
T h i s i n c r e a s e i n the muscle f i b r e d i a m e t e r s o f the o l d e r a n i m a l i s 
r e f l e c t e d i n t h e i r d i s t r i b u t i o n , which i s s h i f t e d t o the r i g h t 
r e l a t i v e t o t h a t o f the young a d u l t muscles ( F i g . 1 0 ) . There 
i s a second s m a l l e r peak a t the upper end o f t h e range, whi-jh 
c o n f e r s a moderate amount o f skew t o the p o p u l a t i o n ( g l ~ 0.77, 
p < 0. 0 5 ) . 
The i n c r e a s e d muscle f i b r e diameter combined w i t h an 
unchanged e n d - p l a t e d i a m e t e r means t h a t the percentage r a t i o 
o f -'+2.3 (S.E. 1.29) i s s i g n i f i c a n t l y lower (P< 0.001) than i n 
the young a d u l t . The mean a x i a l r a t i o i n t h i s muscle i s 1.15, 
l o w e r than i n the young a d u l t ( P < 0 . 0 5 ) , i n d i c a t i n g t h a t t h e 
e n d - p l a t e s become more rounded w i t h a g e i n g . 
TABLE 5. R e s u l t s o f measurements o f e n d - p l a t e s and 
muscle f i b r e s o f PDQ muscles 
The d a t a are shown f o r each form o f the 
e n d - p l a t e , arranged i n ord e r o f i n c r e a s i n g 
c o m p l e x i t y . The sample means are the val u e s 
f o r the l a r g e s t p o s s i b l e samples and n o t 
n e c e s s a r i l y d e r i v e d o n l y from the d a t a shown. 
I n each group a r e p r e s e n t s the mean number o f 
axon t e r m i n a l s per e n d - p l a t e , b the mean end-
p l a t e d i a m e t e r dim), and £ the mean muscle 
f i b r e d i a m e t e r ( j i m ) . The number o f e n d - p l a t e s 
i n each group ( n ) and the s t a n d a r d e r r o r o f the 
mean (S.E.) are g i v e n . The p r o b a b i l i t y (P) 
of s i g n i f i c a n t d i f f e r e n c e s between c o r r e s p o n d i n g 
v a l u e s o f muscles o f d i f f e r e n t ages i s g i v e n ; 
n o n - s i g n i f i c a n t d i f f e r e n c e s are i n d i c a t e d by NS. 
S i g n i f i c a n t d e v i a t i o n s from t h e normal 
d i s t r i b u t i o n are i n d i c a t e d by s u p e r s c r i p t s 
(see t e x t ) . 
End-plate Young adult PDQ 10 year old PDQ 
type n mean (S.E. ) £ n mean (S.E. ) 
T l 
a F c 
129 65 65 
5.6 26.6 53.0 
(0.16 (0.61 (1.29 
)*< 0.001 ) <0.05 ) <0.05 
46 7 7 






24 18 18 
7.6 26.3 53.1 
(0.38 (0.93 (1.68 
) < 0.001 ) NS ) < 0.02 
22 8 8 
5.2 25.9 65.7 
(0 . 4 2 ) r 
(1.77) (4.86) 
contri-bution 
a b c 
40 28 28 
8.2 28.6 53.9 
(0.30 (1.15 (1.21 
) <• 0.001 )+ NS ) <0.01 
22 7 7 
6.0 26.6 67.5 
(0.39) (1.01) (4.06) 
T2 
a b c 
51 28 28 
7.9 29.4 53.5 
(0.36 (1.14 (1.72 
) < 0.001 ) NS ) < 0.001 
85 17 17 
4.9 29.3 67.3 
(0.15)* (1.54) (3.08) 
T I2 sprout 
a b c 
4 
5 5 
10.3 37.9 64.3 
(0.75 (2.62 (3.56 
) < o.ooi 
) < 0.05 ) NS 
17 4 4 
6.0 29.1 64.1 





5 6 6 
12.6 37.2 57.4 
(1.90 (4.81 (3.32 





6 7 7 
8.2 30.1 53.9 
(0.40 (2.16 (4.89 
) NS ) NS ) NS 
7 4 4 
6.6 31.0 69.5 
(0.69) (3.84) (8.06) 
Sample Mean a b £ 
197 171 171 
6.3 28.7 53.7 
(0.14 (0.49 (0.72 
)* <0.001 NS ) <0.001 
229 50 50 
5.3 27.4 65.5 
(0.12)* (0.78)+ (1.70)* 
*g^ s t a t i s t i c a l l y significant 
1" g 2 s t a t i s t i c a l l y significant 
% g, and g 9 s t a t i s t i c a l l y significant 
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5.22 'Jen year o l d s o l e u s . D e s p i t e the i n c r e a s e d 
i n c i d e n c e o f complex endings i n t h i s muscle, r e l a t i.ve t o the 
young a d u l t , i t was s t i l l n o t p o s s i b l e t o o b t a i n adequate numbers 
f o r s t a t i s t i c a l a n a l y s i s . However, a l t h o u g h t h e sample s i z e s 
Tor the more complex forms are s t i l l s m a l l , i t can be seen t h a t 
the number o f axon t e r m i n a l s and the muscle f i b r e d i a m e t e r s t e n d 
t o i n c r e a s e w i t h i n c r e a s i n g c o m p l e x i t y o f the e n d - p l a t e as i n 
the 10 year o l d PDQ muscles (Table 6). These two parameters 
were s i g n i f i c a n t l y c o r r e l a t e d ( r = 0.^1, P<0.01), b u t , as i n 
the young a d u l t s o l e u s , the e n d - p l a t e and muscle f i b r e d i a m e t e r s 
were n o t . 
I n g e n e r a l , the changes o c c u r r i n g w i t h age were the 
same as i n PDQ. Thus t h e r e i s a s i g n i f i c a n t r e d u c t i o n i n the 
mean number o f axon t e r m i n a l s ( P < 0.01) w h i l e the mean e n d - p l a t s 
diameter i s unchanged. The mean muscle f i b r e d i a n e t s r i s 
s i g n i f i c a n t l y g r e a t e r (P< 0.001) i n the 10 year o l d s o l e u s , 
and the d i s t r i b u t i o n shows the same s h i f t t o the r i g h t seen i n 
PDQ. However, the range i s a l s o i n c r e a s e d and the p o p u l a t i o n 
f o l l o w s the normal d i s t r i b u t i o n ( F i g . 10). The concomitant 
o f t h i s i n c r e a s e d muscle f i b r e diameter w i t h an unchanged end-
p l a t e d i a m e t e r i s , a ri i n PDQ, a s i g n i f i c a n t (P< 0.001) r e d u c t i o n 
i n the percentage r a t i o o f these parameters t o J>0>k (S.E. 5.28). 
U n l i k e PDQ, the a x i a l r a t i o i s n o t s i g n i f i c a n t l y d i f f e r e n t from 
t h a t o f t h e young a d u l t , i n d i c a t i n g t h a t the genera.l shape o f 
the e n d - p l a t e s i s unchanged. 
TABLE 6. R e s u l t s o f measurements o f e n d - p l a t e s and 
muscle f i b r e s o f soleus muscles 
(For d e s c r i p t i o n see legend t o Table 5) 
End-plate Young adult soleus £ 10 year old soleus type n mean (S.E.) n mean (S.E.) 
a 129 4.3 (0.12) < 0.01 82 3.7 (0.16)* 
T l b 41 22.7 (0.82)+ NS 33 25.3 (1.08) 
c 41 71.4 (1.25) < 0.001 33 82.5 (2.40) 
a 5 5.8 (1.46) NS 7 3.6 (0.30) 
T l b 3 15.7 (2.75) 
+ c 3 81.9 (5.90) 
sprout 
T i a 4 4.5 (0.50) NS 10 4.4 (0.22) i 
+ 
b 10 26.3 (1.72) 
c o n t r i - £ 10 76.5 (3.07) 
_but ion 
a 9 5.0 (0.41) 
T 2 b 3 26.5 (3.56) 
c 3 88.4 (3.19) 
Sample a 139 4.4 (0.13) < 0.01 108 3.9 (0.14)* 
Mean b 41 22.7 (0.82) NS 50 24.8 (0.90) 
c 41 71.4 (1.25) < 0.001 50 81.4 (1.78) 
*g^ s t a t i s t i c a l l y s i g n i f i c a n t 
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5.3 Numbers of muscle f i b r e s 
The cat i s unsuited to q u a n t i t a t i v e studies of ageing 
phenomena because of the d i f f i c u l t i e s of obtaining s u f f i c i e n t 
numbers of older i n d i v i d u a l s to ensure adequate s t a t i s t i c a l 
samples. However, counts of the numbers of muscle f i b r e s 
present i n transverse sections through the b e l l y of PDQ muscles 
of ageing cats d i d i n d i c a t e t h a t muscle f i b r e s arc l o s t w i t h 
increasing age. Thus, the number of muscle f i b r e s i n PDQ 
muscles of cats aged 1 , 18 and 19 years were ^ , 7 9 ^ 2,409 and 
1,852 r e s p e c t i v e l y . This f i n d i n g confirms observations made, 
on various muscles of the r a t , both during the present study 
and by other workers (Andrews, Shock, Barrows 3c Yiengst, 1959; 
Gutmann & Hanzliknva, .1966; Rowe, 19^9 ) . 
However, although representative sections of a l l 
muscles auctioned :in the course of t h i s study were c a r e f u l l y 
examined, no evidence of abnormalities suggestive of denervation 
atrophy was found. A l l the muscle f i b r e s had a rounded appearance 
i n cross-section and none had the c e n t r a l n u c l e i of i r r e g u l a r 
p r o f i l e commonly associated w i t h atrophy ( G r e e n f i e l d , Shy, 
Alvord & Berg, 1957; Bethlem, 1970) . I t may be t h a t the r a t e 
of loss of muscle f i b r e s , p a r t i c u l a r l y i n the young a d u l t , i s 
so low that no atrophic f i b r e s were present i n the sections 
examined. 
5 .^ Conclusions 
I t i s c l e a r from the morphological observations 
that there i s a marked increase i n the frequency of the more 
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complex forms of motor end-plates. As might be expected, 
these more complex forms tend to be l a r g e r and to have more 
axon t e r m i n a l s . There i s also a considerable increase i n the 
incidence of growth c o n f i g u r a t i o n s . These f i n d i n g s lend support 
to the hypothesis t h a t the evidence of growth seen i n the t e r m i n a l 
i n n e r v a t i o n of normal muscles of young ad u l t animals i s associated 
w i t h the formation of complex end-plates. The loss of muscle 
f i b r e s w i t h ageing also strengthens the idea t h a t the growth 
and degeneration of motor end-plates are unrelated. 
However, t h i s study produced some f u r t h e r observations 
t h a t require explanation. F i r s t l y , the increase i n the p r o p o r t i o n 
of more complex end-plates i s not p r e c i s e l y r e l a t e d to the age of 
the animal. I n f a c t , i t can be seen from Table 6 t h a t i n soleus, 
i t i s more close l y r e l a t e d to the body weight. Secondly, the 
muscle f i b r e s are g r e a t l y enlarged i n the muscles of older animals. 
These two observations suggest t h a t a major f a c t o r i n the 
elaboration of motor end-plates might be the amount of work 
the neuromuscular system i s required to do. This problem 
has been i n v e s t i g a t e d and the r e s u l t s w i l l be presented i n the 
ensuing sections. 
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6. E f f e c t s of use and disuse i n k i t t e n s 
I n order to determine the e f f e c t s of a c t i v i t y upon 
the morphology of the motor end-plates a series of experiments 
were performed, i n v o l v i n g the tenotomy and exercise of k i t t e n s 
at a stage when i t was expected t h a t t h e i r end-plates were 
a t t a i n i n g the adult form. 
The r e s u l t s showed a wide v a r i a t i o n i n respect of 
a l l the parameters measured (muscle weights, end-plate and 
muscle f i b r e diameter, a x i a l r a t i o , number of axon terminals 
and end-plate morphology). Consequently, only a b r i e f summary 
of the f i n d i n g s w i l l be presented. 
6 .1 Tenotomy 
As judged by the c r i t e r i o n of muscle weight, tenotomy 
was successful i n producing a r e l a t i v e atrophy of both 
gastrocnemius and soleus. However, the muscle f i b r e diameters 
di d not support t h i s . The end-plates of the tenotomised muscles 
showed the highest incidence of T2 end-plates and the incidence 
of growth c o n f i g u r a t i o n s was higher than i n a l l muscles except 
those of the exercised animal. 
6.2 Exercise 
On the c r i t e r i a of muscle weight and muscle f i b r e 
diameter the exercise could not be said to have produced any 
s i g n i f i c a n t e f f e c t . However, there was a greater incidence 
of growth c o n f i g u r a t i o n s than i n the other muscles. 
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6.3 Conclusions 
From the above resume of bhe r e s u l t s of bhe experiment 
i t cannot be said t h a t any consistent e f f e c t s were produced by 
the experimental treatments. This may be a t t r i b u t a b l e to the 
short expariuental p e r i o d . Perhaps a longer period i s requ i r e d 
f o r the neuromuscular system to react to the stresses imposed 
upon i l : . C e r t a i n l y , longer periods have been used to demonstrate 
the e f f e c t s of tenotomy upon the c o n t r a c t i l e c h a r a c t e r i s t i c s of 
muscles (Salmons'& Vrbova, 1969; B u l l e r & Lewis, 1965) and 
Gordon (1967) i n a review of the e f f e c t s of exercise has stated 
that i t i s the duration of exercise r a t h e r than i t s i n t e n s i t y 
t h a t produces the observed r e s u l t s . Other observations on the 
e f f e c t s of tenotomy i n d i c a t e t h a t i t does not a f f e c t a l l muscle 
f i b r e s e q u a l l y , producing atrophy i n some and hypertrophy i n 
others (Engel e_t a l . , 1965). Studies of the e f f e c t s of tenotomy 
on motor end-plates i n d i c a t e t h a t some are enlarged while others 
are reduced i n size ( F a l i n , 1935; Gladden, 1971). Thus, i t 
would appear th a t i n such studies tenotomy i s not a s u i t a b l e 
model for disuse atrophy. 
TABLE 7. Morphology of motor end-plates of a soleus 
muscle a f t e r s u r g i c a l l y - i n d u c e d 
hypertrophy 
(For d e s c r i p t i o n see legend to Table 2) 
Tl h T3 Total 
Total 68.9 28.3 2.6 100.0 
Nodal sprouts 2.8 3.7 - 2.9 
Contributions 14.8 8,1 6.7 12.7 
Total growth 17.6 11.8 6.7 15.6 
Early degener-
ation 
3.6 1.2 - 2.8 
Middle degener-
ation 
1.8 0.6 - 1.4 
Total degener- 5.4 1.9 - 4.2 
ation 
F . T . I . R . 1.02 
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7. Surgically-induced hypertrophy 
I n the f o l l o w i n g sections the r e s u l t s of the study 
of the end-plates i n a soleus muscle of a young a d u l t cat 
84 days a f t e r tenotomy of the synergist gastrocnemius are 
presented and compared w i t h those from the normal soleus 
muscle of a young ad u l t animal (Results, 2.2, and 3»2). 
Since i t appears th a t the v a r i a t i o n s between i n d i v i d u a l animals 
are small (Results, 2.1), i t was p r e f e r r e d to use the l a t t e r 
muscle as a c o n t r o l r a t h e r than the c o n t r a l a t e r a l muscle of the 
operated animal because the e f f e c t s of u n i l a t e r a l operation on 
the unoperated side of the animal are unknown. Thus, the 
weight of the unoperated soleus muscle was 2.97g, s l i g h t l y 
greater than might be expected from the body weight of 3.01kg 
( c f . Fig.20), which might mean tha t some hypertrophy had 
occurred i n t h i s muscle too. The weight of the soleus muscle 
of the operated limb was 3«6lg, 2k.6% greater than t h a t of the 
c o n t r a l a t e r a l muscle and hence the attempt to induce hypertrophy 
was judged to have been successful. Examples of end-plates 
from the hypertrophied soleus muscle are shown i n Plate X I I . 
7.1 Morphological r e s u l t s 
I n terms of t h e i r general appearance, the end-plates 
of the hypertrophied soleus muscle were l a r g e r , w i t h more 
numerous, longer and f i n e r axon terminals than those normally 
seen i n soleus ( c f . Plates V I I and X I I ) . Complex endings, 
which are normally v i r t u a l l y absent from the normal soleus 
(Table 4), c o n s t i t u t e d approximately 30% of the sample (Table 7 ) . 
A single end-plate of the Ik form was encountered (Plate X l l h ) . 
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The incidence of growth c o n f i g u r a t i o n s was 15.6%, 
a t h r e e f o l d increase compared to the normal muscle. Over 
80% of a l l growth c o n f i g u r a t i o n s were c o n t r i b u t i o n s and 
p r o p o r t i o n a t e l y more passed to Tl endings. Four T l end-plates 
(less than 1% of the sample) received more than one growth 
c o n f i g u r a t i o n , compared w i t h one i n the normal muscle. 
The F.T.I.R. was 1.02, i n d i c a t i n g t h a t there was no 
increase i n the incidence of c o l l a t e r a l branching. No t e r m i n a l 
axon formed end-plates on more than two muscle f i b r e s , and no 
degenerating c o l l a t e r a l or T3 end-plates were observed. End-
plate s of the T2 form c o n s t i t u t e d 58.3% of a l l c o l l a t e r a l 
endings, twice the p r o p o r t i o n i n the sample as a whole. 
As i n the other muscles described above, no c o r r e l a t i o n was 
apparent between the members of c o l l a t e r a l p a i r s i n respect 
of t h e i r form or the presence of growth c o n f i g u r a t i o n s . 
Degenerating end-plates were less common than i n the 
normal muscle and the m a j o r i t y were i n the e a r l i e s t phase of 
degeneration. 
7.2 Measurements 
The r e s u l t s of the estimations of the number of axon 
terminals per end-plate and the measurements of end-plates and 
muscle f i b r e s are given i n Table 8. Selection f o r measurement 
was s o l e l y on the basis of c l a r i t y and the sample may therefore 
be considered random. 
Considering f i r s t l y the values f o r the population as 
a whole, i t i s apparent t h a t the mean muscle f i b r e diameter i s 
unchanged r e l a t i v e to tha t of the normal young adult muscle 
(Table 6 ) . This f i n d i n g i s at variance w i t h the large increase 
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i n muscle weight and no s a t i s f a c t o r y explanation i s a v a i l a b l e . 
However, the d i s t r i b u t i o n of the muscle f i b r e diameters i s 
very d i f f e r e n t from t h a t of the young ad u l t ( c f . Figs. 10 and 
11), having a greater range and showing a s t a t i s t i c a l l y 
s i g n i f i c a n t degree of f l a t t e n i n g (g2 = - 0.48, P < 0.05). 
The mean number of axon terminals per end-plate 
and the mean end-plate diameter are both s i g n i f i c a n t l y greater 
than the corresponding values of the normal muscle (P < 0.001 
i n each case). This confirms and q u a n t i f i e s the morphological 
observations reported above. The d i s t r i b u t i o n of the end-plate 
diameters i s s h i f t e d to the r i g h t , r e l a t i v e to t h a t of the normal 
soleus muscle, and shows both skew and k u r t o s i s to a s t a t i s t i c a l l y 
s i g n i f i c a n t degree, whereas that of the normal soleus muscle has 
a normal d i s t r i b u t i o n . These changes are consistent w i t h the 
formation of l a r g e r end-plates as a r e s u l t of hypertrophy. 
The enlarged end-plate diameter r e f l e c t s not only the f a c t 
that there are more axon terminals, but also t h a t they are 
longer. The increased mean end-plate diameter w i t h an unchanged 
mean muscle f i b r e diameter r e s u l t s i n a percentage r a t i o of 
38.3 (S.E. O.83), s i g n i f i c a n t l y greater than t h a t of the normal 
muscle (P<0.001). 
The a x i a l r a t i o i s 1.13 (S.E. 0.055)1 lower than 
tha t of the normal soleus (P<0.05), i n d i c a t i n g that the end-
plates of the hypertrophied muscle are more rounded. Since 
the end-plates of the normal soleus are elongated i n the long-
axis of the muscle f i b r e s ( a x i a l r a t i o 1.41), any growth t h a t 
has occurred must have been p r i n c i p a l l y i n the short axis of 
the muscle f i b r e s . This again supports the elongation of 
axon terminals because the terminal axon i s u s u a l l y o r i e n t a t e d 
so t h a t i t meets the muscle f i b r e approximately at a r i g h t angle. 
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The diameters of the end-plates and muscle f i b r e s 
showed a s t a t i s t i c a l l y s i g n i f i c a n t degree of c o r r e l a t i o n 
( r = 0.53t P<0.001; Fig./3), u n l i k e the normal young ad u l t 
muscle (Results, 3-1). The number of axon terminals was also 
p o s i t i v e l y c o r r e l a t e d with the end-plate diameter (n = 89, 
0.001; Fig.12), so t h a t , as i n the other muscles where i t 
was possible to r e l a t e these parameters, l a r g e r end-plates 
tend to have a greater number of axon terminals and to l i e 
on l a r g e r muscle f i b r e s . 
On considering the values f o r the separate forms of 
the end-plate (Table 8 ) , a comparison w i t h the normal muscle 
i s only possible f o r simple T l end-plates, because of the 
s c a r c i t y of more complex forms (Table 4 ) . The s l i g h t increase 
i n the mean end-plate diameter of simple T l end-plates i n the 
hypertrophied muscle i s not s t a t i s t i c a l l y s i g n i f i c a n t , showing 
tha t the greater mean end-plate diameter of the whole population 
i s due to the increased p r o p o r t i o n of l a r g e r , more complex end-
pl a t e s , i . e . to the process of end-plate e l a b o r a t i o n . 
That the more complex endings are indeed l a r g e r i s 
shown by the f a c t t h a t the simple T l end-plates are s i g n i f i c a n t l y 
smaller than those r e c e i v i n g growth c o n f i g u r a t i o n s and T2 end-
plates (P< 0.001 i n each case). The d i f f e r e n c e between simple 
T l endings and T2 endings r e c e i v i n g growth c o n f i g u r a t i o n s i s 
not s t a t i s t i c a l l y s i g n i f i c a n t , presumably due to the greater 
v a r i a t i o n i n the l a t t e r (Table 8 ) . S i m i l a r l y , the more complex 
endings have s i g n i f i c a n t l y more axon terminals and tend to l i e 
on l a r g e r muscle f i b r e s . 
TABLE 8. Measurement of end-plates and muscle f i b r e s 
of a hypertrophied soleus muscle 
The r e s u l t s are shown separately f o r several 
forms of the end-plate. The values f o r some types 
have not been shown separately because of small 
sample sizes, but they are included i n the t o t a l 
values. The number of measurements (n) i s shown 
f o r each mean, together w i t h the standard e r r o r 
of the mean (S.E.). S t a t i s t i c a l l y s i g n i f i c a n t 
deviations from the noi-mal d i s t r i b u t i o n are 
in d i c a t e d by su p e r s c r i p t s . 
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FIGURE 11. D i s t r i b u t i o n of end-plate and muscle f i b r e 
diameters a f t e r s u r g i c a l l y - i n d u c e d hypertrophy 
The upper two histograms show the percentage 
d i s t r i b u t i o n s of end-plate diameters i n soleus 
muscles from a normal young adult cat (C254, 
n = 4 l ) and a f t e r s u r g i c a l l y - i n d u c e d hypertrophy 
(C306, n = 1 0 0 ) . Both are to the same scale. 
The end-plate diameters of the normal muscle have 
a normal d i s t r i b u t i o n , but i n the hypertrophied 
muscle the d i s t r i b u t i o n shows both skew and k u r t o s i s 
to a moderate degree, and i s s h i f t e d to the r i g h t . 
The lowest histogram shows the percentage 
d i s t r i b u t i o n of the muscle f i b r e diameters a f t e r 
hypertrophy (n = 1 0 0 ) . The d i s t r i b u t i o n i s 
f l a t t e n e d (g2 = -0.48, P<0.05), r e s u l t i n g i n a 
greater range than i n the normal muscle, although 
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As i n the other muscles examined, fewer of the 
c o r r e l a t i o n s between parameters are s t a t i s t i c a l l y s i g n i f i c a n t 
than i n the population as a whole because of the reduced sample 
s i z e s . Thus, the c o r r e l a t i o n between the end-plate and muscle 
f i b r e diameters i s s i g n i f i c a n t only i n the cases of simple T l 
endings ( r = 0.59, P< 0.001) and simple T2 endings ( r = 0 . 4 8 , 
P < 0 . 0 2 ) . The c o r r e l a t i o n between the number of axon te r m i n a l s 
and the end-plate diameter i s s i g n i f i c a n t only i n the case of 
simple T l endings (n = kj, r = 0.4-5, P<0.01). 
The only other study of the e f f e c t s of hypertrophy 
upon the form of motor end-plates appears to be that of 
Granbacher (1971), who used a c h o l i n e s t e r a s e technique on r a t 
soleus muscles Ik days a f t e r s u r g i c a l l y - i n d u c e d hypertrophy. 
The c h o l i n e s t e r a s e method gives no information about the mode 
of formation of the end-plates, but Granbacher found a s l i g h t 
i n c r e a s e i n the mean number of sub-elements i n each end-plate 
and more pronounced i n c r e a s e s i n the t o t a l end-plate area and 
the mean synaptic a r e a . I n t h i s r e s p e c t , the observations 
agree with those of the present study. However, Granbacher 
a l s o noted that the end-plate and muscle f i b r e diameters were 
no longer c o r r e l a t e d i n the hypertrophied muscles as they were 
i n unoperated muscles. This i s the converse of the s i t u a t i o n 
i n cat soleus muscles, where the end-plate and muscle f i b r e 
diameters are not normally c o r r e l a t e d , but become so a f t e r 
hypertrophy. 
FIGURE 12. Graph of the number of axon terminals and 
end-plate diameters of a soleus muscle 
a f t e r s u r g i c a l l y - i n d u c e d hypertrophy 
The sample s i z e i s 89. The c o r r e l a t i o n i s 
highl y s i g n i f i c a n t ( r = 0.37, P< 0.001; 
y = 0.l6x + 2.50). 
Some points have been s l i g h t l y d i s p l a c e d 
along the ordinate to improve c l a r i t y . 
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The concept of end-plate e l a b o r a t i o n as a response 
to i n c r e a s i n g f u n c t i o n a l demands upon the muscle is supported 
by two p r i n c i p a l f i n d i n g s . F i r s t , a f t e r hypertrophy, complex 
endings that are normally absent from soleus form a large 
proportion of a l l end-plates. Second, the mean end-plate 
diameter i s s i g n i f i c a n t l y i n c r e a s e d due to the presence of 
l a r g e r , more complex end-plates. In a d d i t i o n , the number 
of axon terminals i s a l s o s i g n i f i c a n t l y greater than i n the 
normal soleus muscles of young adult c a t s . In a l l these 
r e s p e c t s , the changes i n the morphology of motor end-plates 
that take place a f t e r s u r g i c a l l y - i n d u c e d hypertrophy resemble 
those o c c u r r i n g during ageing (except for the absence of b i z a r r e 
forms which may be a s c r i b e d to the d e c l i n e i n the r e g u l a t i v e 
p r o p e r t i e s of ageing neurones). 
Although the a n a l y s i s of the changes i n the morphology 
of motor end-plates during hypertrophy i s based upon a s i n g l e 
experimental animal and f u r t h e r r e p l i c a t e s are obviously 
d e s i r a b l e , i t i s an important confirmation of the existence 
of end-plate e l a b o r a t i o n . 
In the f i n a l s e c t i o n of the R e s u l t s , c o n s i d e r a t i o n 
i s given to the p o s s i b i l i t y that some or a l l of the v a r i a t i o n s 
i n the morphology of motor end-plates i n normal muscles of 
young adul t c a t s are r e l a t e d to v a r i a t i o n s i n the histochemical 
p r o p e r t i e s of muscle f i b r e s . 
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8. Histochemical s t u d i e s 
S e v e r a l workers have attempted to c o r r e l a t e the 
morphological c h a r a c t e r i s t i c s of motor end-plates with the 
f u n c t i o n a l types of the muscle f i b r e . The r e s u l t s of these 
attempts vary from general statements r e l a t i n g the s i z e of 
end-plates with the speed of contraction of the muscle as 
a whole, to more p r e c i s e e v a l u a t i o n s of v a r i a t i o n s i n morphology 
or u l t r a s t r u c t u r e . Thus, Gerebtzoff e_t a l . (195*0 considered 
that i n the cat the end-plates of the slow soleus were smaller 
than those of the f a s t e r muscles, such as t i b i a l i s a n t e r i o r and 
diaphragm. However, Nystrom (1968b) was unable to confirm 
t h i s f i n d i n g and reported f a i r l y marked d i f f e r e n c e s in the 
s t r u c t u r e of end-plates i n f a s t and slow muscles of the c a t . 
The end-plates of gastrocnemius had a ' f a i r l y wide spreading 
of the end r a m i f i c a t i o n s ' which were 'rather long and smooth'. 
In soleus, however, the axon terminals were 'more t i g h t l y 
packed, and they were wrinkled and f l u t e d i n o u t l i n e , as w e l l 
as being s h o r t e r than those of gastrocnemius'. In a d d i t i o n , 
the axon terminals often l a y to one side of the terminal axon 
(Nystrom, 1968b, p.367). Nystrom a l s o observed that the 
end-plate and muscle f i b r e diameters were p o s i t i v e l y c o r r e l a t e d 
i n both muscles (Nystrom, 1968b) but that the muscle f i b r e 
diameter was not a r e l i a b l e c r i t e r i o n of the muscle f i b r e 
type (Nystrom, 1968c). Some of these observations have 
been di s c u s s e d above ( R e s u l t s , 3-3)• Studies of r a t muscles 
have i n d i c a t e d that there i s a r e l a t i o n s h i p between the 
morphology of the end-plates and the types of muscle f i b r e 
(Ogata, 1965; Padykula & Gauthier, 1970; Duchen, 1971). 
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I n view of these observations i t seemed appropriate 
to i n v e s t i g a t e the nature of the histochemical types of muscle 
f i b r e s and t h e i r frequencies i n the muscles studied, and to 
attempt to c o r r e l a t e the r e s u l t s with the frequencies of 
end-plate types and of growth and degeneration. The 
r e l a t i o n s h i p of f i b r e type and s i z e was a l s o a s sessed, both 
q u a n t i t a t i v e l y and q u a l i t a t i v e l y . A f u r t h e r study was 
undertaken to determine the r e l a t i o n s h i p between the s i z e and 
s t r u c t u r e of the end-plate a f t e r s t a i n i n g for c h o l i n e s t e r a s e 
a c t i v i t y , and of the muscle f i b r e , as shown by i t s SDH a c t i v i t y . 
As a r e s u l t of these i n v e s t i g a t i o n s i t might be p o s s i b l e to 
determine whether any of the observed morphological v a r i a t i o n s 
were a t t r i b u t a b l e to muscle f i b r e type, r a t h e r than to 
e l a b o r a t i o n . 
8.1 C l a s s i f i c a t i o n of muscle f i b r e types 
Sev e r a l types of muscle f i b r e have been recognized 
on the b a s i s of the a c t i v i t y of various enzymes although the 
number of types recognized i n a given sp e c i e s has v a r i e d with 
both the s p e c i e s and the type of enzyme a c t i v i t y examined. 
There i s a l s o some disagreement between d i f f e r e n t workers. 
In man there are normally only two types (Engel, 
1965; Morris & Woolf, 1970), i n the r a t up to eight types 
have been d i f f e r e n t i a t e d (Romanul, 1964) although only three 
are commonly recognized (e.g. S t e i n & Padykula, 1962; Guth 
& Samaha, 1969). In the c a t , Engel et a l . (1965) d i f f e r e n t -
i a t e d only two types on the b a s i s of m y o f i b r i l l a r ATPase 
a c t i v i t y , whereas Henneman & Olson (1965) recognized three 
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types on the b a s i s of the a c t i v i t y of mitochondrial ATPase. 
Nystrom (1968c) using a combination of methods for oxidative 
and phosphorylytic a c t i v i t i e s described three types i n f a s t 
muscles with a fourth type p e c u l i a r to slow muscles such as 
s o l e u s . The a c t i v i t y of each of the three enzymes studied 
(SDH, ATPase and P'ase) was c l a s s i f i e d as high, intermediate 
or low, according to the c r i t e r i c t shown i n Table ? ) . Since 
i t has g e n e r a l l y been observed that the a c t i v i t i e s of ATPase 
and P'ase are g e n e r a l l y the same i n each muscle f i b r e , they 
may be c l a s s e d together as phosphorylytic enzymes. For the 
purposes of typing, intermediate a c t i v i t i e s are c l a s s e d as 
hig h l y a c t i v e . 
The nomenclature of f i b r e types has been f u l l y 
d i s c u s s e d by Edgerton & Simpson (1969) and Guth & Samaha, 
1969. Since the h i s t o c h e m i s t r y of muscle f i b r e s forms a 
r e l a t i v e l y minor part of t h i s study, only s u f f i c i e n t d e t a i l 
to permit a c l e a r understanding of the r e s u l t s w i l l be presented 
I t was decided to designate f i b r e s with both high o x i d a t i v e and 
high phosphorylytic a c t i v i t y as 'C f i b r e s . Those with high 
o x i d a t i v e and low phosphorylytic a c t i v i t y are described as 'B' 
f i b r e s , and those with low o x i d a t i v e and high phosphorylytic 
a c t i v i t y as 'A' f i b r e s . This A, B, C system of nomenclature 
i s based upon the a c t i v i t i e s of both oxidative and phosphorylyti 
enzymes and corresponds to that used by other workers (Nystrom, 
1968c; Edgerton & Simpson, 1969; Guth & Samaha, 1969). 
Guth & Y e l l i n (1971) have pointed out that the 
c l a s s i f i c a t i o n of muscle f i b r e types i n t h i s way i s an over-
s i m p l i f i c a t i o n of the true v a r i a t i o n of t h e i r h i s t o c h e m i c a l 
70 
a c t i v i t i e s . Indeed, when the a c t i v i t y of each enzyme was 
assessed on a three-point s c a l e , 20 of the 27 t h e o r e t i c a l l y 
p o s s i b l e f i b r e types were encountered i n the three peroneal 
muscles. However, because the A, B, C system of c l a s s i f i c a t i o n 
has been used elsewhere and no s a t i s f a c t o r y a l t e r n a t i v e has yet 
been proposed, i t has been adopted i n the present account. 
The three f i b r e types of the f a s t peroneal muscles 
are i l l u s t r a t e d i n P l a t e s X I I I - XIV. These corresponded with 
those described by Henneman & Olson (1965) and Nystrom (1968c). 
Only s i x of the 300 peroneal muscle f i b r e s examined did not 
f a l l i n t o one of these three c a t e g o r i e s . Of these, f i v e 
showed a p o s i t i v e r e a c t i o n for P'ase and a negative one for 
ATPase, while the other f i b r e had the r e c i p r o c a l r e a c t i o n . 
These f i b r e s were c l a s s i f i e d according to whether the r e a c t i o n 
with SDH was high (C f i b r e ) or low (A f i b r e ) . A l l the f i b r e s 
of soleus were of the same type, which did not occur i n the 
peroneal muscles ( P l a t e X I I I ) , having low a c t i v i t y with ATPase 
and P'ase and high a c t i v i t y with SDH. In t h i s they resembled 
the B f i b r e s of the peroneal muscles. However, the diformazan 
granules were very f i n e , extremely numerous, and evenly 
d i s t r i b u t e d , u n l i k e those of the B f i b r e s which were coarse 
and aggregated at the periphery of the f i b r e . The soleus 
f i b r e s correspond to the 'S* f i b r e s of Nystrom (1968c). 
The 'aberrant f i b r e s ' with high ATPase a c t i v i t y described i n 
soleus muscles by Nystrom (1968c, p.*fl5) were not observed. 
That the p e c u l i a r s t a i n i n g p r o p e r t i e s of soleus muscle f i b r e s 
were not due to any d e f i c i e n c i e s i n technique i s demonstrated 
by the presence of i n t r a f u s a l f i b r e s , connective t i s s u e and 
c a p i l l a r i e s g i v i n g p o s i t i v e r e a c t i o n s with ATPase and P'ase. 
TABLE 9. Assessment of enzyme a c t i v i t i e s of muscle 
f i b r e s 
The c r i t e r i a are shown for a s s e s s i n g the 
degree of a c t i v i t y i n muscle f i b r e s s t a i n e d for 
the a c t i v i t y of s u c c i n i c dehydrogenase (SDH), 
phosphorylase (P'ase) or a l k a l i n e - s t a b l e 
actomyosin triphosphatase (ATPase). 
TABLE 10. Frequencies of muscle f i b r e types 
The percentages of f i b r e s of each of the 
three h i s t o c h e m i c a l types i n the three peroneal 
muscles of a young adult c a t (C3O3). The 
t o t a l number of f i b r e s typed was 100 i n each 
case. 
A c t i v i t y High Intermediate Low 
SDH 
Many coarse 
granules, w i t h 
p e r i p h e r a l 
aggregation. 
Fewer, f i n e , 
evenly d i s t r i b u t e d 
g r a n u l e s . 
Very few 
f i n e 
s c a t t e r -
ed 
g r a n u l e s . 
Pase Blue or b l u e -
b l a c k . Brown. Yellow. 
ATPase Dark brown. Very pale brown. Colour-
l e s s . 
Fibre Type A B C 
PDQ 52 4 44 
PB 38 24 38 
PL 41 14 45 
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8.2 Frequency of f i b r e types 
In a l l three peroneal muscles, the f i b r e types were 
s c a t t e r e d throughout the muscle i n an apparently random f a s h i o n . 
The r e s u l t s of typing 100 muscle f i b r e s i n r e p r e s e n t a t i v e 
f a s c i c l e s of a l l three peroneal muscles are summarized i n 
Table 10. In each case the proportions of A and C f i b r e s are 
s i m i l a r . Thus, the c h a r a c t e r i s t i c v a r i a t i o n between d i f f e r e n t 
muscles i s i n the proportion of B f i b r e s (see a l s o Guth & 
Samaha, 1969). The proportions of the d i f f e r e n t f i b r e types 
are i n good agreement with the only published data on these 
muscles (Barker e_t a l . , 1970). However, i t i s not p o s s i b l e 
to c o r r e l a t e the f i b r e types d i r e c t l y s i n c e Barker e_t a l . 
based t h e i r c l a s s i f i c a t i o n on P'ase a c t i v i t y alone and only 
d i s t i n g u i s h e d two types of muscle f i b r e . 
On comparing the frequencies of muscle f i b r e types 
with the frequencies of the morphological types of end-plate 
i n soleus, PDQ (Table k) and PB (Table 3 ) , no obvious c o r r e l a t i o n 
can be seen. From the soleus data alone i t might be expected 
that T l end-plates are t y p i c a l of B f i b r e s . T h i s i s c l e a r l y 
not the case because i n both PDQ and PB the proportion of T l 
end-plates i s f a r g r e a t e r than that of the B f i b r e s . 
Of the 100 muscle f i b r e s ex amined i n PDQ, one had 
low P'ase a c t i v i t y but had high ATPase and SDH a c t i v i t i e s . 
Engel e_t a l . (1965) nave shown that there i s a d e c l i n e i n the 
a c t i v i t y of P'ase i n denervated muscle f i b r e s . I t i s therefore 
p o s s i b l e that t h i s f i b r e was denervated. According to the 
morphological observations, 1% of a l l end-plates i n t h i s muscle 
are i n the l a t e phase of degeneration (Table 4 ) , so there appears 
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to be a good c o r r e l a t i o n . However, t h i s f i n d i n g must be 
tre a t e d with caution because of the low incidence of such 
f i b r e s . 
8.3 Muscle f i b r e s i z e and his t o c h e m i c a l type 
When the muscle f i b r e s i z e was assessed on a three 
point semi-quantitative s c a l e for each type of muscle f i b r e 
i n the peroneal muscles, 88?6 of the l a r g e diameter f i b r e s were 
type A, and the remainder were type C. The medium diameter 
f i b r e s were almost evenly divided between type A and type C. 
About 50% of the small f i b r e s were type C, k0% type B (95% 
of type B f i b r e s were of small diameter) and the remaining 
10% were type A. Thus, i t i s apparent that on t h i s semi-
q u a n t i t a t i v e b a s i s s i z e i s at best only a crude guide to 
f i b r e type, since only the large f i b r e s can be assigned to 
a type group with a reasonable degree of c e r t a i n t y . 
The mean diameter measured i n ATPase preparations 
for A, B, and C f i b r e s were 96.8u.rn (S.E. 1.59, n = 30), 
6l.3p.rn ( S . E . 1.59, n = 15) and 69.ly.rn (S.E. 2.C4, n = 25), 
r e s p e c t i v e l y . Each of these values was s i g n i f i c a n t l y 
d i f f e r e n t from the others. However, when the muscle f i b r e 
diameters are p l o t t e d as a histogram ( F i g . l 4 ) , i t can be 
seen that there i s a considerable overlap between the diameter 
ranges of B and C f i b r e s and that only f i b r e s greater than 
85y.m can be r e l i a b l y c l a s s i f i e d as A f i b r e s . The d i s t r i b u t i o n 
of the muscle f i b r e diameters of each type was normal. When 
51 of these f i b r e s s e l e c t e d for measurement without regard to 
t h e i r h i s t o c h e m i c a l type were considered, the d i s t r i b u t i o n of 
the muscle f i b r e diameters of t h i s 'random' population was a l s o 
normal (mean 84.5nm, S.E. 2.3). 
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A c o m p a r i s o n of the mean muscle f i b r e d i a m e t e r s 
from s i l v e r i m p r e g n a t e d and f r o z e n s e c t i o n e d m u s c l e s ( F i g s . 10 
and l ^ f , r e s p e c t i v e l y ) r e v e a l s t h a t s i l v e r i m p r e g n a t i o n c a u s e s 
a s h r i n k a g e of about 30%. T h e r e f o r e the d i a m e t e r a l o n e cannot 
be u s e d a s a v a l i d c o m p a r i s o n between t h e s e m u s c l e s . However, 
from the d a t a on h i s t o c h e m i c a l t y p e s and m u s c l e f i b r e d i a m e t e r 
i t may be s a i d t h a t t h e top 20% o f m u s c l e f i b r e s by d i a m e t e r 
can be c l a s s i f i e d a s type A, w i t h r e a s o n a b l e c e r t a i n t y . When 
the 35 e n d - p l a t e s of t h i s group of muscle f i b r e s i n young a d u l t 
PDQ m u s c l e s a r e examined, e v e r y m o r p h o l o g i c a l type i s r e p r e s e n t e d . 
C o n s e q u e n t l y , e n d - p l a t e type i s n o t r e l a t e d to the h i s t o c h e m i c a l 
type of t h e muscle f i b r e . 
8.4 Combined c h o l i n e s t e r a s e and s u c c i n i c dehydrogenase s t a i n i n g 
S e v e r a l o f the e a r l i e r s t u d i e s r e l a t i n g v a r i a t i o n s i n 
e n d - p l a t e s i z e and morphology to muscle f u n c t i o n made use o f 
s t a i n i n g t e c h n i q u e s f o r c h o l i n e s t e r a s e a c t i v i t y ( e . g . 
G e r e b t z o f f et^ a l . , 1954; C o e r s , 1955; Nystrom, 1968a). 
Ogata (1965) s t a i n e d f r o z e n s e c t i o n s o f mouse m u s c l e s f o r b o t h 
c h o l i n e s t e r a s e (ChE) and s u c c i n i c dehydrogenase a c t i v i t y and 
found t h a t the s u b n e u r a l a p p a r a t u s e s (SNA) of p a l e - s t a i n i n g 
muscle f i b r e s were l a r g e w i t h a ' c o m p l i c a t e d i n t e r l a c i n g 
s t r u c t u r e ' (p.150). The SNA of the d a r k e s t f i b r e s were s m a l l , 
s i m p l e and compect, w h i l e t h o s e of the i n t e r m e d i a t e f i b r e s had 
a s i z e and s t r u c t u r e i n t e r m e d i a t e between t h e s e two e x t r e m e s . 
I t h a s been dem o n s t r a t e d t h a t the AChE of motor 
e n d - p l a t e s i s l o c a l i z e d i n the p r i m a r y and s e c o n d a r y s y n a p t i c 
c l e f t s ( T e r a v a i n e n , 1967). Thus, i t i s p o s s i b l e to r e l a t e 
o b s e r v a t i o n s made u s i n g l i g h t m i c r o s c o p y and ChE s t a i n i n g to 
u l t r a s t r u c t u r a l s t u d i e s s uch a s t h o s e of P a d y k u l a & G a u t h i e r 
(1970) who d e m o n s t r a t e d d i f f e r e n c e s i n the e l a b o r a t i o n of t h e 
s y n a p t i c c l e f t s o f e n d - p l a t e s on the t h r e e s t r u c t u r a l t y p e s 
of m u s c l e f i b r e i n r a t diaphragm. 
The r e s u l t s o f the p r e c e d i n g s e c t i o n s c o n c e r n e d 
w i t h the h i s t o c h e m i s t r y o f muscle f i b r e s showed t h a t i n the c a t 
PDQ the i n t e n s i t y of SDH a c t i v i t y a l o n e was o n l y a rough 
i n d i c a t i o n of muscle f i b r e t y p e . Thus, a l l A f i b r e s had low 
SDH a c t i v i t y , a p p r o x i m a t e l y 75% of B f i b r e s had a h i g h SDH 
a c t i v i t y , and Gk% of C f i b r e s were o f i n t e r m e d i a t e a c t i v i t y 
w h i l e the r e m a i n i n g 3&% were of h i g h a c t i v i t y . With t h i s 
p r o v i s o i n mind, a s t u d y of the s i z e and s t r u c t u r e o f SNA 
of the e n d - p l a t e s of whole muscle f i b r e s s t a i n e d f o r SDH 
a c t i v i t y a c c o r d i n g to the method of B a r k e r et_ a l . (1970) 
was u n d e r t a k e n . Examples of m u s c l e f i b r e s and SNA p r e p a r e d 
i n t h i s way a r e i l l u s t r a t e d i n P l a t e V i l l i - 1. 
T h r e e t y p e s of muscle f i b r e o f h i g h , i n t e r m e d i a t e 
and low SDH a c t i v i t y were d i s c e r n i b l e ( P l a t e V i l l i ) and i n 
g e n e r a l the f i n d i n g s of Ogata (1965) d e s c r i b e d above were 
c o n f i r m e d . The SNA of the low a c t i v i t y (A) f i b r e s were 
the most complex, h a v i n g a network of g u t t e r s ( P l a t e V I I I j - 1 ) . 
The SNA o f the h i g h a c t i v i t y ( B ) f i b r e s were s i m p l e r i n s t r u c t u r e , 
h a v i n g a compact a p p e a r a n c e w i t h a much more even d i s t r i b u t i o n o f 
the r e a c t i o n p r o d u c t and l a c k i n g the open network type of 
c o n f i g u r a t i o n ( P l a t e V I I I 1 ) . The m u s c l e f i b r e s o f 
i n t e r m e d i a t e SDH a c t i v i t y (C f i b r e s ) bore SNA w i t h a l e s s compact 
s t r u c t u r e than t h o s e of t h e B f i b r e s , but t h e y were c l e a r l y l e s s 
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d i v i d e d t h a n t h o s e of the A f i b r e s ( P l a t e V H I k ) . No SNA 
o f a l o b e d form w h i c h c o u l d be r e l a t e d to T2 or T3 e n d - p l a t e s 
were e n c o u n t e r e d . A p a r t i c u l a r e f f o r t was made to f i n d 
c o n f i g u r a t i o n s of SNA which might i n d i c a t e growth, s u c h a s 
s m a l l e r p a t c h e s of AChE a c t i v i t y c l o s e to the p a r e n t e n d i n g 
( c f . K u p f e r , 1960), but no s u c h c o n f i g u r a t i o n s were found. 
These o b s e r v a t i o n s can be r e l a t e d to the arrangement 
o f the s y n a p t i c c l e f t s of t h e e n d - p l a t e s of d i f f e r e n t f i b r e 
t y p e s ( P a d y k u l a & G a u t h i e r , 1970). Thus, the 'white f i b r e s ' 
(A f i b r e s of t h i s s t u d y ) have l o n g , b r a n c h i n g , c l o s e l y s p a c e d , 
s e c o n d a r y s y n a p t i c c l e f t s , w h i l e t h o s e of ' r e d ' B f i b r e s have 
the l e a s t a r e a of c o n t a c t w i t h ' r e l a t i v e l y s h a l l o w s p a r s e ' 
s e c o n d a r y c l e f t s . The e n d - p l a t e s of ' i n t e r m e d i a t e ' ( C ) f i b r e s 
have the 'most w i d e l y s p a c e d and d e e p e s t * s e c o n d a r y c l e f t s . 
Some of t h e s e o b s e r v a t i o n s have been q u a n t i f i e d by Duchen (1971a). 
The u l t r a s t r u c t u r e o f e n d - p l a t e s was not examined i n 
d e t a i l i n the p r e s e n t s t u d y , but the o b s e r v a t i o n s d i d show t h a t 
the s e c o n d a r y s y n a p t i c c l e f t s v a r i e d a s d e s c r i b e d by P a d y k u l a 
& G a u t h i e r (1970) and Duchen (1971a). E l e c t r o n m i c r o g r a p h s 
o f motor e n d - p l a t e s a r e i l l u s t r a t e d i n P l a t e XV. 
8.^1 Measurements. The mean e n d - p l a t e d i a m e t e r s (y.m) 
f o r m u s c l e f i b r e s of h i g h , i n t e r m e d i a t e and low SDH a c t i v i t y 
were : 29'.5 ( S . E . 0.62), 25.2 ( S . E . 0.8*0 and 20.9 ( S . E . 0.66), 
r e s p e c t i v e l y . The number of e n d - p l a t e s measured was 50 i n e a c h 
c a s e . E a c h o f t h e s e mean d i a m e t e r s was s i g n i f i c a n t l y d i f f e r e n t 
from the o t h e r s ( P < 0.001), but t h e r e i s a l a r g e amount of 
o v e r l a p i n the d i s t r i b u t i o n s ( F i g . l * * ) . Only i n the c a s e of 
the low a c t i v i t y f i b r e s was the c o r r e l a t i o n between the end-
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p l a t e and m u s c l e f i b r e d i a m e t e r s n ot s t a t i s t i c a l l y s i g n i f i c a n t . 
Taken as a whole, the c o r r e l a t i o n between t h e s e two p a r a m e t e r s 
was h i g h l y s i g n i f i c a n t (P.< 0.001) and both were n o r m a l l y 
d i s t r i b u t e d ( F i g . 1 5 ) . 
I t i s of i n t e r e s t to compare t h e s e r e s u l t s w i t h t h o s e 
o b t a i n e d i n s i l v e r - i m p r e g n a t e d m u s c l e s ( T a b l e * f ) . I t may be 
assumed t h a t any s h r i n k a g e e f f e c t s w h i c h o c c u r d u r i n g f i x a t i o n 
a r e c o n f i n e d to the musc l e f i b r e s and do n o t g r e a t l y a f f e c t 
the e n d - p l a t e s . 
The mean d i a m e t e r of the 150 SNA measured i n the 
AChE s t a i n e d PDQ was 25.2u.m ( S . E . 0 . 5 0 ) , s i g n i f i c a n t l y l o w e r 
than the c o r r e s p o n d i n g v a l u e of 28.7um ( S . E . 0.^1-9) i n s i l v e r 
p r e p a r a t i o n s ( P < 0 . 0 1 ) . The mean a x i a l r a t i o o f 1.00 ( S . E . 0.032) 
of the SNA was s i g n i f i c a n t l y r e d u c e d ( P < 0.001) compared to the 
v a l u e of I . 3 6 ( S . E . O.O65) i n s i l v e r p r e p a r a t i o n s . Both t h e s e 
r e d u c t i o n s may be i n t e r p r e t e d a s r e f l e c t i n g the g r e a t e r p r e c i s i o n 
w i t h w h i c h t h e j u n c t i o n a l a r e a i s d e f i n e d by t h e SNA, a s opposed 
to the e x t e n t o f t h e axon t e r m i n a l s . That t h e y a r e not m e r e l y 
due to i n d i v i d u a l v a r i a t i o n or to d i f f e r e n t d e g r e e s o f s h r i n k a g e 
i s i n d i c a t e d by the f a c t t h a t i n the A C h E - s t a i n e d muscle the 
mean musc l e f i b r e d i a m e t e r i s s i g n i f i c a n t l y g r e a t e r ( P < 0.001) 
than i n the s i l v e r - i m p r e g n a t e d m a t e r i a l . 
The mean d i a m e t e r s (um) of muscle f i b r e s of h i g h , 
i n t e r m e d i a t e and low a c t i v i t y were : 56.1 ( S . E . 1 . 5 3 ) , 
66.2 ( S . E . 2.15) and 62.6 ( S . E . 1 . 2 8 ) , r e s p e c t i v e l y . The 
v a l u e s f o r e a c h of t h e t h r e e f i b r e t y p e s were n o r m a l l y 
d i s t r i b u t e d , a s were the v a l u e s f o r the p o p u l a t i o n a s a whole. 
Although e a c h of the v a l u e s i s s i g n i f i c a n t l y d i f f e r e n t from t h e 
o t h e r s , t h e r e i s a c o n s i d e r a b l e degree o f o v e r l a p i n the r a n g e s 
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so t h a t no s i n g l e type can be s e p a r a t e d on the b a s i s of 
d i a m e t e r ( F i g . l 6 ) . A comparison of t h e s e v a l u e s w i t h t h o s e 
p r e v i o u s l y g i v e n ( R e s u l t s 8.3) f o r A, B and C f i b r e s shows a 
good c o r r e s p o n d e n c e between t h o s e o f B and C f i b r e s w i t h t h o s e 
o f h i g h and i n t e r m e d i a t e a c t i v i t y , r e s p e c t i v e l y . However, the 
mean d i a m e t e r of low a c t i v i t y f i b r e s i s much l o w e r than t h a t o f 
the A f i b r e s measured i n f r o z e n s e c t i o n s (96.811m). F u r t h e r , 
the mean d i a m e t e r of the low a c t i v i t y f i b r e s i s l e s s than t h a t 
of the i n t e r m e d i a t e f i b r e s i n c o n t r a d i s t i n c t i o n to the r a n k i n g 
o f A and C f i b r e s . These d i s c r e p a n c i e s must be a t t r i b u t e d i n 
p a r t a t l e a s t to t h e u n r e l i a b i l i t y o f t y p i n g m u s c l e f i b r e s on 
the b a s i s o f a s i n g l e enzyme r e a c t i o n . Thus, a s demo n s t r a t e d 
by the r e s u l t s o f t h e more d e t a i l e d s t u d y o f the h i s t o c h e m i s t r y 
of muscle f i b r e s , t h e r e w i l l i n e v i t a b l y be some o v e r l a p between 
B and C f i b r e s when t h e c l a s s i f i c a t i o n i s b a s e d s o l e l y on SDH 
a c t i v i t y . 
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8.5 C o n c l u s i o n s 
The f r e q u e n c i e s o f the t h r e e h i s t o c h e m i c a l t y p e s o f 
musc l e f i b r e p r e s e n t i n p e r o n e a l m u s c l e s cannot be r e l a t e d to 
the f r e q u e n c y of any m o r p h o l o g i c a l type o f motor e n d - p l a t e , 
or to growth. I t i s p o s s i b l e t h a t t h e few muscle f i b r e s 
w i t h a low P'ase a c t i v i t y and a h i g h ATPase a c t i v i t y may be 
a c o n c o m i t a n t o f d e g e n e r a t i o n . The s i z e and more p a r t i c u l a r l y 
the s t r u c t u r e o f the SNA i s r e l a t e d to t h e i n t e n s i t y o f SDH 
a c t i v i t y o f muscle f i b r e s . The measurements o f muscle f i b r e s 
o f known h i s t o c h e m i c a l t y p e d e m o nstrate t h a t t h e muscle f i b r e 
d i a m e t e r i s not a r e l i a b l e c r i t e r i o n o f h i s t o c h e m i c a l t y p e . 
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Thus, t h e v a r i a t i o n s i n the morphology of the motor e n d - p l a t e s 
seen i n t e a s e d , s i l v e r p r e p a r a t i o n s cannot be a s c r i b e d to 
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DISCUSSION 
The d i s c u s s i o n of the o b s e r v a t i o n s p r e s e n t e d above 
i s d i v i d e d i n t o f i v e main c a t e g o r i e s . F i r s t l y , c o n s i d e r a t i o n 
w i l l be g i v e n to the p o s s i b i l i t y o f a r t e f a c t s d i s t o r t i n g t h e 
o b s e r v a t i o n s . S e c o n d l y , the m o r p h o l o g i c a l r e s u l t s w i l l be 
compared w i t h t h o s e o f o t h e r r e l e v a n t s t u d i e s . Then the 
r e l a t i o n s h i p o f the p r e s e n t o b s e r v a t i o n s to t h e p r i n c i p a l v i e w s 
o f the n a t u r e of the v a r i a t i o n s in. the form of motor e n d - p l a t e s 
w i l l be examined. The changes found i n a g e i n g w i l l be t h e 
s u b j e c t of a s e p a r a t e s e c t i o n , p r e c e d i n g an a n a l y s i s o f the 
h y p o t h e s i s of e n d - p l a t e e l a b o r a t i o n , o u t l i n e d above ( F i g . 19). 
Whenever p o s s i b l e , t h e m o r p h o l o g i c a l d a t a o f the p r e s e n t s t u d y 
w i l l be i n t e g r a t e d w i t h t h o s e of p h y s i o l o g i c a l i n v e s t i g a t i o n s . 
1. V a l i d i t y o f the o b s e r v a t i o n s on e n d - p l a t e 
morphology 
I n a m o r p h o l o g i c a l s t u d y b a s e d a l m o s t e x c l u s i v e l y 
upon a s i n g l e s t a i n i n g method, i t i s i m p o r t a n t to c o n s i d e r 
what p r o p o r t i o n of the o b s e r v a t i o n s might be due s o l e l y to 
d i s t o r t i o n o f t h e t i s s u e d u r i n g p r e p a r a t i o n . I n the p r e s e n t 
c a s e , o n l y the more rsubtle and d e l i c a t e c o n f i g u r a t i o n s , s u c h 
a s n o n - m y e l i n a t e d outgrowths of the t e r m i n a l axon, a x o n i c 
s w e l l i n g s and the s w e l l i n g and r e t r a c t i o n o f the axon t e r m i n a l s , 
a r e l i k e l y bo be c o n s i d e r e d a s a r t e f a c t s . 
The a t t e m p t to m i n i m i z e e r r o r s due to any d e f i c i e n c i e s 
o f i m p r e g n a t i o n by r i g o r o u s s e l e c t i o n o f w e l l - s t a i n e d a r e a s and 
the r e p l i c a t i o n o f e x a m i n a t i o n s h a s been d e s c r i b e d i n the Method 
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However, o t h e r f a c t o r s combine to demonstrate the v a l i d i t y 
o f t h e o b s e r v a t i o n s . Thus, e n d - p l a t e s showing growth or 
d e g e n e r a t i o n a r e s c a t t e r e d throughout the m u s c l e and o c c u r 
i n t e r m i n a l s p r a y s c o n t a i n i n g normal, s i m p l e e n d - p l a t e s 
( P l a t e s I V g - h, V l f ) . T h i s m i l i t a t e s a g a i n s t the p o s s i b i l i t y 
t h a t t h e s e c o n f i g u r a t i o n s c o u l d be due to some p e c u l i a r i t y o f 
the s t a i n i n g t e c h n i q u e , s u c h a s d i f f e r e n t i a l r a t e s o f p e n e t r a t i o n 
o f r e a g e n t s d u r i n g p r o c e s s i n g . 
F u r t h e r , t h e v a r i a t i o n s between a n i m a l s and m u s c l e s 
a r e c o n s i s t e n t , so t h a t the e n d - p l a t e s of PDQ m u s c l e s of d i f f e r e n t 
young a d u l t c a t s a r e s i m i l a r i n a l l r e s p e c t s and, c o n v e r s e l y , the 
e n d - p l a t e s of a s o l e u s muscle d i f f e r markedly from t h o s e of PDQ 
o f the same l i m b . The changes o c c u r r i n g w i t h a g e i n g show the 
same k i n d of c o n s i s t e n c y , and many o f them have been o b s e r v e d 
by o t h e r w o r k e r s u s i n g both s i l v e r and methylene b l u e t e c h n i q u e s 
on r a t and human m u s c l e s (Gutmann & H a n z l i k o v a , 1965; Ha r r i m a n 
e t a l . , 1970). Moreover, the methylene b l u e and g o l d c h l o r i d e 
t e c h n i q u e s show the same t y p e s of c o n f i g u r a t i o n a s t h o s e s e e n 
i n s i l v e r - i m p r e g n a t e d m u s c l e s , a l b e i t w i t h l e s s c l a r i t y and 
p r e c i s i o n . 
F i n a l l y , the f a c t t h a t the s t u d y of d e n e r v a t e d 
m u s c l e s r e v e a l e d many e n d - p l a t e s of a normal form a s w e l l a s 
t h e i n c r e a s i n g p r o p o r t i o n of d e g e n e r a t i n g e n d i n g s ( T a b l e 2), 
a l s o t e n d s to d e m o n s t r a t e t h a t s u c h forms a r e not due to some 
f a i l i n g o f the s t a i n i n g t e c h n i q u e . 
F o r t h e s e r e a u o n s , i t must be assumed t h a t the 
o b s e r v e d c o n f i g u r a t i o n s a r e not a r t e f a c t s , but r e p r e s e n t 
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s t r u c t u r e s w h i c h a r e p r e s e n t i n l i f e . The f a c t t h a t growth 
and d e g e n e r a t i o n c o u l d n o t be i d e n t i f i e d i n t h e e l e c t r o n 
m i c r o s c o p e s t u d y may have been due bo s a m p l i n g d i f f i c u l t i e s . 
The p o s s i b i l i t y o f d i s t o r t i o n due to c o n f u s i o n s i n 
t e r m i n o l o g y i s i n h e r e n t i n any d e s c r i p t i o n and, i n o r d e r to 
m i n i m i z e t h i s , the terms used were c a r e f u l l y d e f i n e d and f r e q u e n t 
c h e c k s were made to e n s u r e c o n s i s t e n c y i n t h e i r u s e . The 
s e g r e g a t i o n o f e n d - p l a t e s i n t o ' t y p e s ' i s a ' n a t u r a l ' c l a s s i f i c a t i o n 
i n t h a t i t i s a r e f l e c t i o n o f the o b s e r v e d forms, i . e . i t was 
c o n c e i v e d a s a r e s u l t o f o b s e r v a t i o n and not a p r i o r i . 
A ttempts were a l s o made to e l i m i n a t e e r r o r s due t o 
u n c o n s c i o u s s e l e c t i o n on t h e p a r t o f the o b s e r v e r by u s i n g 
c l a r i t y a s the p r i m a r y c r i t e r i o n f o r the i n c l u s i o n o f a 
c o n f i g u r a t i o n i n a g i v e n sample o f o b s e r v a t i o n s . These a t t e m p t s 
have been d e s c r i b e d i n d e t a i l f o r e a c h p a r t i c u l a r s e t of 
o b s e r v a t i o n s a t the a p p r o p r i a t e p l a c e s i n the Methods. 
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2. E a r l i e r s t u d i e s 
The p r e s e n t s t u d y has amply c o n f i r m e d B a r k e r & I p ' s 
(1965, 1966) f i n d i n g t h a t motor e n d - p l a t e s undergo b o t h growth 
and d e g e n e r a t i o n i n normal mammalian m u s c l e s . I n the f o l l o w i n g 
s e c t i o n s , t h e r e s u l t s of a s u r v e y of many e a r l i e r i n v e s t i g a t i o n s 
o f t h e morphology of normal mammalian motor e n d - p l a t e s w i l l be 
p r e s e n t e d , w i t h t h e aim o f e s t a b l i s h i n g the g e n e r a l i t y of the 
r e s u l t s r e p o r t e d above. Only e n d - p l a t e s from the l i m b m u s c l e s 
of mature mammals were i n c l u d e d i n the s u r v e y , a l t h o u g h many 
e n d i n g s r e s e m b l i n g complex e n d i n g s and growth c o n f i g u r a t i o n s 
o c c u r i n o t h e r mammalian m u s c l e s ( e . g . K r a u s e , 1863; Kuhne, 
1887; Boeke, 1911). The c l a s s i f i c a t i o n of e n d - p l a t e s i s 
basod upon the a u t h o r s ' p h o t o g r a p h s and dirawiags, r a t h e r t h a n 
on t h e i r d e s c r i p t i o n s , b e c a u s e o f t h e i m p r e c i s e way i n which 
d e s c r i p t i v e terms have been u s e d . 
2.1 Complex motor e n d - p l a t e s 
E n d - p l a t e s of the T2 form have been found i n a l m o s t 
e v e r y mammalian m u s c l e examined. Thus, C o l e (1955) i l l u s t r a t e s 
s u c h forms i n g o l d - i m p r e g n a t e d p r e p a r a t i o n s of m u s c l e s of t h e r a t , 
r a b b i t , r h e s u s monkey, kangaroo r a t (Dipodomys) and the c a t . 
O t h e r w o r k e r s have a l s o p u b l i s h e d photographs o f T2 e n d i n g s i n 
v a r i o u s m u s c l e s of the r a t ( e . g . C a r e y , Downer, Toomey & 
H a u s h a l t e r , 19^6; Edds, 1950), man ( C o e r s & Woolf, 1959, 
F i g . 30; R e s k e - N i e l s e n , Harmsen & H o j g a a r d , 19&9, F i g . 9A - B ) , 
r a b b i t (Kuhne, 1887, F i g . 235) and the c a t (Kuhne, lS8?, F i g . 319; 
W i l k i n s o n , 1929, F i g . 39; Nystrom, 1968b, F i g s . 2, 3, 9, 1 2 ) . 
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Examples o f t h e more complex t y p e s of e n d - p l a t e a r e 
r a r e , a s might be e x p e c t e d i f t h e i r low f r e q u e n c y , r e p o r t e d 
above ( T a b l e s 3 and k), i s g e n e r a l i n mammalian m u s c l e s . 
However, t h e r e a r e a fuw r e f e r e n c e s to ' m u l t i p l e * forms and 
some c l e a r i l l u s t r a t i o n s of T3 e n d i n g s ( C o l e , 1955, F i g . 66 -
r a b b i t ; C a r e y e_t a l . , 19^6, F i g . 1 - r a t ; R e s k e - N i e l s e n 
e t a l . , 1970, F i g . 8A - man). There a r e no u n e q u i v o c a l 
i l l u s t r a t i o n s of s u c h e n d i n g s i n c a t m u s c l e s , but some p u b l i s h e d 
f i g u r e s c l o s e l y r e s e m b l e them ( C o l e , 1955, F i g . 77). 
None of the w o r k e r s c i t e d above seems to have a t t a c h e d 
any s i g n i f i c a n c e to complex e n d - p l a t e s and, i n d e e d , o n l y 
W i l k i n s o n (1929) a p p e a r s to have c l e a r l y r e c o g n i z e d them a s 
a d i s t i n c t form of t h e e n d i n g . Nystrom (1967b) does n o t remark 
on them a t a l l , w h i l e C a r e y e_t a l . (19^6), C o l e (1955) and Edds 
(1950) do not d i s t i n g u i s h between c o l l a t e r a l b r a n c h i n g , b r a n c h i n 
of the t e r m i n a l axon or b i f u r c a t i o n o f the p r e t e r m i n a l r e g i o n . 
2.2 Growth c o n f i g u r a t i o n s 
W i l k i n s o n (l9'3-9) a p p e a r s to have been the o n l y worker 
to r e c o g n i z e growth c o n f i g u r a t i o n s a s d i s c r e t e s t r u c t u r a l 
e n t i t i e s , and he c l e a r l y d i s t i n g u i s h e s between u l t r a t e r m i n a l 
and n o d a l outgrowths, and between m y e l i n a t e d and n o n - m y e l i n a t e d 
p r o c e s s e s ( l o c . c i t . , p. 775)• He a p p a r e n t l y o b s e r v e d n o d a l 
o u t g r o w t h s i n m u s c l e s from v a r i o u s Eiaimuals i n c l u d i n g the c a t 
( l o c . c i t . , F i g . 39). Kuhne (1997) a l s o shows a c lear example 
of a T2 e n d i n g r e c e i v i n g a c o n t r i b u t i o n i n a c a t m u s c l e ( l o c . c i 
F i g . 319). Nystrom (1968b) does n o t seem to have r e c o g n i z e d 
any growth c o n f i g u r a t i o n s i n h i s e x a m i n a t i o n of c a t m u s c l e s . 
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However, the s o l e u s e n d - p l a t e shown i n h i s F i g . 8 a p p a r e n t l y 
r e c e i v e s a c o n t r i b u t i o n , and K r u g e r (1960), u s i n g s i l v e r -
i m p r e g n a t e d s e c t i o n s , c l e a r l y d i s t i n g u i s h e d growth 
c o n f i g u r a t i o n s i n m u s c l e s of t h e c a t ( l o c . c i t . , F i g . 10) and 
o t h e r mammals. 
?. .3 D e g e n e r a t i o n 
The d i s c r i m i n a t i o n of d e g e n e r a t i n g forms of the 
motor e n d - p l a t e i n the photographs and d r a w i n g s of o t h e r w o r k e r s 
i s d i f f i c u l t and u n c e r t a i n , p a r t i c u l a r l y when the s t a i n i n g 
t e c h n i q u e and the s p e c i e s u s e d a r e not f a m i l i a r . Moreover, 
i t i s h i g h l y p r o b a b l e t h a t d e g e n e r a t i n g e n d - p l a t e s w i l l n o t 
be s e l e c t e d f o r i l l u s t r a t i o n p r e c i s e l y b e c a u s e o f t h e i r 'abnormal' 
a p p e a r a n c e . However, t h a t s a i d , t h e r e a r e a few examples of 
r e t r a c t e d and s w o l l e n e n d - p l a t e s , r e s e m b l i n g t h o s e seen a f t e r 
n e r v e s o c t i o n . 
Thus, C o l e (1957), i n a s t u d y o f 24,500 e n d i n g s from 
g o l d - i m p r e g n a t e d m u s c l e s of the r a t , shows 'an u n u s u a l type o f 
motor e n d i n g ' w h i c h h a s the r e t r a c t e d a p p e a r a n c e t y p i c a l o f the 
e a r l y phase of d e g e n e r a t i o n ( l o c . c i t . , F i g . 19). I n the 
photographs of C a r e y and h i s a s s o c i a t e s t h e r e a r e more examples 
of such forms, p o s s i b l y b e c a u s e t h e y were c o n c e r n e d to show t h a t 
t h e r e a r e ' r e t r a c t e d ' and 'expanded' forms of the motor e n d - p l a t e 
( e . g . C a r e y , 19-1-1, F i g s . 7 - 10). E n d - p l a t e s seen i n methylene 
b l u e p r e p a r a t i o n s o f human m u s c l e s o c c a s i o n a l l y have s w o l l e n 
t e r m i n a l e x p a n s i o n s and s u c h e n d i n g s b e a r q u i t e a c l o s e r e s e m b l a n c e 
to deg^ . ' i o -rating e n d i n g s (Reske-'Mielsen e_t a l . , 1970, F i g . 4 ) . 
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2.k Conclusions 
I t i s c l e a r tiaat complex end-plates have been 
repeatedly observed i / i a l a r g e number of mammalian s p e c i e s . 
The f a c t that examples of growth c o n f i g u r a t i o n s are much r a r e r 
may be explained by the p r e d e l i c t i o n of the e a r l i e r workers for 
the l e s s p r e c i s e gold c h l o r i d e s t a i n i n g techniques. C e r t a i n l y , 
l a t e r workers using the much-improved methylene blue methods 
and impregnation with s i l v e r appear to f i n d growth con f i g u r a t i o n 
much more r e a d i l y . I n s p i t e of the probable s e l e c t i o n a g a i n s t 
degenerating forms of the motor end-plate, i t i s p o s s i b l e to 
fin d examples resembling those seen i n normal and denervated 
muscles of the c a t . 
In short, the observations of Barker & Ip (1965, 
1966) and the present study on the nature of the morphological 
v a r i a t i o n s of end-plates are supported by those of other workers 
using d i f f e r e n t s t a i n i n g techniques on a v a r i e t y of mammalian 
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3. The nature of v a r i a t i o n s of end-plate morphology 
Three general types of hypothesis have been propounded 
to account for the observed v a r i a b i l i t y i n the form of motor 
end-plates. The 'replacement' hypothesis of Barker & Ip (1965, 
1966) views t h e i r growth and degeneration as part of a normal 
c y c l i c process of degeneration and renewal. Other workers 
have suggested bhat the morphology of end-plates i s r e l a t e d 
to the h i s t o c h e m i c a l type of the muscle f i b r e (Ogata, 1965; 
Padykula & Gauthier, 1970) or to the c o n t r a c t i o n c h a r a c t e r i s t i c s 
of the muscle as a whole (e.g. Gerebtzoff e_t a l . , 195^ ; 
Nystrom, 1968a). F i n a l l y , there i s the concept, put forward 
by Carey and h i s co-workers i n a s e r i e s of papers from 19'Y'L 
•:.o 19^8, that end-plates a l t e r t'.icir form according to t h e i r 
p h y s i o l o g i c a l a c t i v i t y . 
Each of these p o s s i b l e explanations w i l l be examined 
and, s i n c e the 'replacement' hypothesis i s the only one which 
takes account of the growth and degeneration of end-plates, 
i t w i l l be discussed f i r s t and i n greater d e t a i l than the 
a l t e r n a t i v e s . 
3.1 The 'replacement' hypothesis 
Sprouting and degeneration of terminal axons tui'l 
end-plates has long been known i n experimental and p a t h o l o g i c a l 
i-.o.-i'litions, but i t was not u n t i l the work of Barker & Ip ( I 9 b 5 , 
1966) that both of these phenomena were recognized i n normal 
mammalian muscles, Barker & Ip postulated a c a u s a l r e l a t i o n s h i p 
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between the degeneration of end-plates and the formation of 
sprouts by the terminal axon. Thus, end-plates were considered 
to have a ' l i m i t e d l i f e - s p a n ' a t the end of which they degenerat 
a:id are replaced. The r e l a t i o n s h i p of the observations of the 
present study bo t h i s concept has been b r i e f l y d i s c u s s e d 
elsewhere ( R e s u l t s , ^ ) ; i t w i l l now be examined i n d e t a i l 
vM.bh reference to each of the p o s s i b l e modes of 'replacement' 
proposed by Barker & Ip (1966), see F i g . 17). 
3.11 -Rejuvenation. Barker ?< Ip (1966) suggested 
that 'a s o l e - p l a t e may r e c e i v e a new ending from a sprout 
derived from the same terminal axon as the old ending, which 
degenerates.' (p. 551). This process i s i l l u s t r a t e d i n 
F i g . 17a - c and described i n the terms used i n t h i s account 
i n the l e g e n l . I t was Barker & I p ' s 'impression' that s o l s -
p l a t e s were 'more often 'rejuvenated' than abandoned.' ( l o c , 
c i t . , p. 5^9). 
I n the present study many examples of the type of 
c o n f i g u r a t i o n shown i n F i g . 17a and b were encountered (e.g. 
P l a t e s VI - V I I ) , but the incidence of degenerating end-plates 
r e c e i v i n g sprouts or c o n t r i b u t i o n s was much lower than would be 
expected i f r e j u v e n a t i o n were the p r i n c i p a l means of end-plate 
replacement. In that event, at l e a s t a lar g e m a j o r i t y of 
degenerating end-plates would r e c e i v e a growth c o n f i g u r a t i o n . 
In f a c t , the g r e a t e s t proportion observed was JO/o (young adult 
PDQ) and was only about 10% i n the other muscles examined. 
Moreover, i n every case where a c o n t r i b u t i o n was a s s o c i a t e d 
with a degenerating end-plate, i t too was a f f e c t e d by the 
degeneration process ( i t i s , of course, impossible to t e l l 
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whether a sprout i s degenerating). Hence, the conclusion 
that the observed c o n f i g u r a t i o n s do not support the ex i s t e n c e 
of r e j u v e n a t i o n i s ine s c a p a b l e . 
3.12 S u b s t i t u t i o n . Besides r e j u v e n a t i n g an old 
s o l e - p l a t e , 'a sprout may e s t a b l i s h a new p l a t e alongside 
the old p l a t e belonging to the same terminal branch 
(Barker & Ip , 1966, p. 551)'. This process may be described 
as the ' s u b s t i t u t i o n ' of a new end-plate for an old one on 
the same muscle f i b r e and the necessary stages are shown 
diagrazniiiatically i n F i g . 17d - f . 
I t has been repeatedly emphasized that a l l the sprouts 
and c o n t r i b u t i o n s ended on the s o l e - p l a t e of the parent ending. 
That i s , the intermediate forms i n the process of s u b s t i t u t i o n 
( F i g . 17b - f ) were never encountered. 
The f i n a l stage of t h i s process ( F i g . l ? f ) i s not 
un l i k e the duplex form of the end-plate ( F i g . 2d). However, 
only one such end-plate w a s o1.;served i n young adult PDQ muscles, 
and none a t a l l i n those included i n the d e t a i l e d survey of end-
pl a t e morphology. So, as with rejuvenation., the c o n f i g u r a t i o n s 
seen i n normal muscles do .support the ex i s t e n c e of end-plate 
replacement by t h i s mode. 
3.13 C o l l a t e r a l sprouting. Thus, i t has been 
demonstrated that end-plates are not replaced by outgrowths 
from the parent axon. The a l t e r n a t i v e i s for them to be 
replaced by outgrowths from an adjacent i n t a c t axon or i t s 
ending. Barker & Ip (1965, 1966) have pointed out the 
s i m i l a r i t y of t h i s mode to that of c o l l a t e r a l regeneration, 
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the means by which the r e s i d u a l axons i n a p a r t i a l l y denervated 
muscle make rn;w connexions with denervated s o l e - p l a t e s ( f o r 
reviews see Edds, 1953; Wohlfart, 195o). For the sake of 
comparison, the events occurring i n c o l l a t e r a l regeneration 
are i l l u s t r a t e d diagramrnatically i n F i g . 18. 
However, i n a l l the cases i n which terminal axons 
supplied end-plates to more than one muscle f i b r e , a l l the 
endings were wel?.-formed and could not be considered as young 
end-plates. Moreover, i n some cas e s , both end-plates derived 
from the same parent axon were of a complex form ( P l a t e I l l b ; 
see a l s o T uffery, 1971, Fig.JO). The only p o s s i b l e exceptions 
to t h i s might be those c o l l a t e r a l end-plates formed by s e v e r a l 
non-myelinated outgrowths from a node ( P l a t e V I I I c and F i g . 8a), 
but such cases c o n s t i t u t e d l e s s than 1% of a l l endings examined. 
The most c r i t i c a l c o n f i g u r a t i o n s for the demonstration 
of c o l l a t e r a l r o - i n n e r v a t i o n of degenerating end-plates or 
denervated s o l e - p l a t e s would be those i n which sprouts pa.su 
to a muscle f i b r e other than the one bearing the parent ending 
( c f . F i g . l 8 c ) . Only one such case was seen and the sprout 
did not appear to make a f u n c t i o n a l contact with the muscle 
f i b r e ( F i g . 8e), and i s therefore regarded as an example of 
the 'spurious' sprouting seen i n muscles from ageing animals 
( i n f r a , k.l). 
The examination of the terminal i n n e r v a t i o n of ageing 
c a t s provi-Jed the key piece of evidence concerning the e x i s t e n c e 
of c o l l a t e r a l sprouting i n normal muscles. C l e a r l y , i f i t did 
occur, then the F.T.I.R. would be elevated as i t i s a f t e r 
c o l l a t e r a l regeneration i n p a r t i a l l y denervated muscles (Edds, 
1950; Wohlfari;, 1958; see F i g . 2 ) . Since the F.T.I.R. i s 
p l a i n l y not elevated (Tables 3 - ^ ) , i t seems high l y improbable 
that c o l l a t e r a l sprouting occurs. 
FIGURE l 8 . Schematic r e p r e s e n t a t i o n of c o l l a t e r a l regeneration 
(Redrawn from Coers & Woolf, 1959) 
a) The normal pattern of i n n e r v a t i o n with each 
terminal axon forming one end-plate. This 
r e s u l t s i n a r a t i o of muscle f i b r e s to 
terminal axons ( F u n c t i o n a l Terminal 
Innervation Ratio or F.T.I.R.) of u n i t y . 
b) In p a r t i a l denervation many of the end-plates 
and t h e i r terminal axons degenerate (broken 
l i n e s ) . 
c) The s u r v i v i n g end-plates and terminal axons 
form numerous fi n e outgrowths ( s p r o u t s ) . 
d) The sprouts e s t a b l i s h contact with the 
denervated s o l e - p l a t e s of the o r i g i n a l 
end-plates (Iwayama, 1969; Lullman-Rauch, 
1971). This r e s u l t s i n a changed pattern 
of terminal i n n e r v a t i o n with an i n c r e a s e d 
F.T.I.R. 
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The p o s s i b i l i t y that the degeneration of end-plates 
takes place i n such a way that the F.T.I.R. remains constant 
would seoai to be remote since ohe s u s c e p t i b i l i t y to 
degeneration and the a b i l i t y to r e - i n n e r v a t e muscle f i b r e s 
are a n t a g o n i s t i c p r o p e r t i e s (McComas, S i c a & Campbell, 1971). 
Even i n t h i s u n l i k e l y event, one would expect to f i n d 
i n d i v i d u a l axons supplying end-plates more than the two muscle 
f i b r e s t y p i c a l i n the muscles of young adult animals. But, 
only two terminal axons supplied end-plates to three muscle 
f i b r e s , hence the only evidence for the e x i s t e n c e of c o l l a t e r a l 
sprouting r e s t s s o l e l y on these two c a s e s . Consequently, i t 
cannot be s a i d that t h i s process occurs to a s i g n i f i c a n t extent. 
Conclusions. A d e t a i l e d examination of the p o s s i b l e 
modes of 'replacement' of degenerating motor end-plates i n 
the l i g h t of the r e s u l t s of the present study shows that 
the growth c o n f i g u r a t i o n s observed are i n c o n s i s t e n t with 
these p r o c e s s e s . I t i s suggested th a t i n t h e i r o r i g i n a l 
study Barker & Ip (1965, 1966) were not s u f f i c i e n t l y 
q u a n t i t a t i v e i n t h e i r approach and were therefore misled as 
to the s i g n i f i c a n c e of those degenerating end-plates r e c e i v i n g 
growth c o n f i g u r a t i o n s . Be that as i t may, the 'replacement' 
hypothesis i s no. longer tenable and i t seems that growth and 
degeneration are not c a u s a l l y r e l a t e d , but that they are two 
e n t i r e l y d i s c r e t e p r o c e s s e s . In the ensuing s e c t i o n s other 
p o s s i b l e explanations of the morphological v a r i a t i o n of end-
p l a t e s w i l l be examined. 
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3.2 Muscle f i b r e types 
That nerves and muscles are mutually dependent 
and have a continuing e f f e c t upon each other has not been 
i n dispute since the e a r l i e s t s t u d i e s of the e f f e c t s of nerve 
s e c t i o n . T h i s r e l a t i o n s h i p has been shown by the c l a s s i c a l 
c r o s s - i n n e r v a t i o n experiments of B u l l e r , E c c l e s & E c c l e s (1960) 
to be extended to the c o n t r o l of the p h y s i o l o g i c a l c h a r a c t e r i s t i c 
of the muscle, which are r e f l e c t e d i n the hi s t o c h e m i c a l p r o f i l e s 
of the muscle f i b r e s (Romanul & van der Meulen, 196?; Y e l l i n , 
1967). The means by which t h i s r e l a t i o n s h i p i s e f f e c t e d i s 
the s u b j e c t of much controversy and i s outside the scope of 
t h i s d i s c u s s i o n . The p e r t i n e n t point for the present study 
i s whether the morphology of the end-plates i n some way r e f l e c t s 
the c h a r a c t e r i s t i c s of the muscle f i b r e on which i t l i e s . The 
main attempts to r e l a t e these parameters have been described 
above ( R e s u l t s , 8 ) and may be c l a s s i f i e d i n t o those using 
the nrnscle f i b r e diameter as a c r i t e r i o n of i t s type and 
those u s i n g the c o n t r a c t i o n c h a r a c t e r i s t i c s of the muscle 
as a whole. 
I t has been c l e a r l y demonstrated that muscle f i b r e 
diameter i s not a r e l i a b l e c r i t e r i o n of h i s t o c h e m i c a l type 
( F i g . 1 4 ) , and an a n a l y s i s of diameter measurements of f i b r e s 
of known hi s t o c h e m i c a l type i n various muscles of the cat 
(Nystrom, 1968c) and r a b b i t (B&ldock, unpublished) confirms 
t h i s view. Indeed, although the mean diameter of A f i b r e s 
i s always g r e a t e s t , the r e l a t i v e ranking of B and C f i b r e s 
i s v a r i a b l e i n d i f f e r e n t muscles. The f a c t that no c o r r e l a t i o n 
can be drawn between the incidence of the various morphological 
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forms of the end-plate and the proportions of the three types 
of muscle f i b r e a l s o m i l i t a t e s s t r o n g l y a g a i n s t t h i s type of 
r e l a t i o n s h i p . 
Although i t i s well-known that soleus i s a slow-
c o n t r a c t i n g muscle which i s subje c t to constant e x c i t a t i o n , 
there appear to be no data concerning the p h y s i o l o g i c a l 
c h a r a c t e r i s t i c s of the peroneal muscles. However, since 
B f i b r e s probably have the slowest c o n t r a c t i o n time (Edgerton 
& Simpson, 1971; Barnard, Edgerton, Furukawa & Peter, 1971), 
i t may be assumed that PB, which has the gr e a t e r proportion 
of B f i b r e s , c o n t r a c t s somewhat more slowly than PDQ. In 
that, event, the f a c t that PDQ has a s i g n i f i c a n t l y greater 
mean end-plate diameter than PB or soleus supports the f i n d i n g s 
of Gerebtzoff e_t a l . . (195*0 that f a s t muscles have l a r g e r end-
p l a t e s . 
Gruber (1966) noted that there was a tendency for 
the mean s i z e of the end-plate to in c r e a s e r e l a t i v e to that 
of the muscle f i b r e as the speed of co n t r a c t i o n of the muscle 
i n c r e a s e d . C e r t a i n l y , the percentage r a t i o s of the three 
muscles examined i n t h i s study are i n agreement with t h i s 
view. However, u l t r a s t r u c t u r a l observations of the d i f f e r e n c e s 
between end-plates from muscle f i b r e s of d i f f e r e n t p r o p e r t i e s 
make comparisons based on l i g h t microscopy seem somewhat academic, 
since they imply th a t v a r i a t i o n s i n synaptic s u r f a c e area may be 
independent of the end-plate s i z e (Duchen, 1971a). 
To sum up, i t must be concluded that there i s c e r t a i n l y 
no r e l a t i o n between end-plate morphology and muscle f i b r e type 
and no c l e a r - c u t r e l a t i o n between the cruder parameter of end-
plate s i z e and the c o n t r a c t i o n c h a r a c t e r i s t i c s of the muscle 
as a whole. 
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3.3 The ' f u n c t i o n a l s t a t e ' of the motor end-plate 
I n a s e r i e s of papers from 19^1 to 19^8 Carey and 
h i s co-workers reported the r e s u l t s of t h e i r examination of 
thousands of end-plates taken from various normal and 
experimental muscles. There i s considerable d i f f i c u l t y i n 
e v a l u a t i n g both the r e s u l t s and the i n t e r p r e t a t i o n of these 
s t u d i e s , because, as Tiegs (1953) expressed i t , 'the s u b j e c t i v e 
account so obscures the f a c t u a l that any value they have i s 
l a r g e l y hidden.' (p. 127). S e v e r a l other workers have 
c r i t i c i z e d the general l a c k of s t a t i s t i c a l treatment of the 
data i n Carey's r e p o r t s , and p a r t i c u l a r l y the f a i l u r e to s p e c i f y 
the normal range of v a r i a t i o n (e.g. Denz, 1951; Harris., 195^5 
Coers, 1955). However, t h e i r view appears to be that end-plates 
expand and contract according to t h e i r a c t i v i t y , or ' f u n c t i o n a l 
state', l i k e b i o l o g i c ' jet-pumps' (Carey, Massopust, Haushalter, 
Sweeney, S a r a b i l i s & Raggio, 19^6, p. 1226), and that t h e i r 
degree of r e t r a c t i o n i s r e l a t e d to the degree of c o n t r a c t i o n 
of the muscle f i b r e on which they l i e . 
T h i s view of the end-plate does nothing to e x p l a i n 
the complex forms of the end-plate or the presence of growth 
c o n f i g u r a t i o n s but i t may be r e l e v a n t to the question of the 
r e t r a c t e d degenerating endings. However, si n c e a l l the muscles 
from young adult c a t s were removed under deep s u r g i c a l a n a e s t h e s i a , 
i t can be assumed that the ' f u n c t i o n a l s t a t e s ' of a l l the muscle 
f i b r e s were s i m i l a r and cannot therefore be invoked to e x p l a i n 
the occurrence of r e t r a c t e d endings. 
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4. Ageing 
The changes occurring with i n c r e a s i n g age w i l l be 
considered under two sub-headings; f i r s t l y , the changes i n 
the morphology of the end-plates and, secondly, the l o s s of 
muscle f i b r e s . 
4.1 End-plate morphology 
There appear to have been only three s t u d i e s of the 
morphology of motor end-plates i n ageing animals. Harriman 
et a l . , (1970)» a f t e r a study of many v i t a l l y - s t a i n e d b i o p s i e s 
of human muscles, concluded that 'axonic s w e l l i n g s , sprouting 
of subterminal axons and e l a b o r a t i o n of the end-plates are a l l 
manifestations of ageing of the lower motor neuron 
(p. 402). (The term 'elaboration* i s used i n the same way 
as i n the present account to mean an i n c r e a s e i n the proportion 
of more complex end-plates.) 
The two remaining s t u d i e s are on v a r i o u s muscles of 
the r a t u s i n g the cholinestera.se r e a c t i o n , silver-impregnated 
s e c t i o n s (Gutmann & Hanzlikova, 1965) and the e l e c t r o n 
microscope (Gutmann, Hanzlikova & V y s k o c i l , 1971). In the 
former report many of the changes are strongly reminiscent 
of those described above ( R e s u l t s , 5 ) . Thus, there i s 
considerable i r r e g u l a r i t y i n the form of the SNA, suggestive 
of the formation of more complex endings, and there i s a 
tendency for them to become more rounded as shown by the reduce 
a x i a l r a t i o i n PDQ muscles of the cat ( R e s u l t s , 5.21). I n 
silver-impregnated s e c t i o n s , 'bulbous endings' resembling 
v e s i c u l a r axonic s w e l l i n g s were observed. Gutmann & 
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Hanzlikova (1965) a l s o noted the apparent i n c r e a s e i n the 
numbers of n u c l e i a t the end-plate s i m i l a r to that described 
above ( R e s u l t s , 5.12). The u l t r a s t r u c t u r e of end-plates from 
ageing r a t s resembled that seen i n the e a r l y stages a f t e r 
denervation (Gutmann e_t a l . , 1971). This study a l s o 
demonstrated the i r r e g u l a r i t i e s i n the synaptic folds which 
might be expected from the e a r l i e r examination of the SNA. 
A s t r i k i n g ' a g g l u t i n a t i o n ' of s y n a p t i c v e s i c l e s , s i m i l a r to 
that seen in. the e a r l y stages of denervation, was present 
but no axonal degeneration was seen. Together with the 
e l e c t r o p h y s i o l o g i c a l and pharmacological observations from 
the same study (Gutmann e_t a l . , 1971) the observations suggest 
a slow reduction of the synaptic contact. 
V e s i c u l a r axonic s w e l l i n g s have been reported on the 
non-myelinated p a r t s of y fusimotor f i b r e s i n the e q u a t o r i a l 
region of young adu l t cat s p i n d l e s (Barker e_t a l . , 1970), as 
w e l l as i n a v a r i e t y of normal and p a t h o l o g i c a l human limb 
muscles (Coers & Woolf, 1959). Barker e_t a l . suggested that 
they might be i n d i c a t i v e of abortive growth. This i d e a i s 
i n harmony with the g e n e r a l l y b i z a r r e form of the end-plates 
i n older animals and the i n c r e a s e d evidence of growth, some 
of which c e r t a i n l y appears to be a b o r t i v e (e.g. F i g . 8e). 
Further, the end-plates of the soleus muscle of the 18 year 
old cat which was the only animal showing s e n i l e wasting 
had an extremely high proportion (32.6%) of growth c o n f i g u r a t i o n s 
(Table h). 
The absence of any evidence of c o l l a t e r a l regeneration 
i n the muscles of ageing c a t s i s somewhat p u z z l i n g i n view of 
the l o s s of muscle f i b r e s . Gutmann & Hanzlikova (1965) noted 
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a spread i n the zone of in n e r v a t i o n i n the soleus muscle of 
ageing r a t s , but t h i s could be due to d i f f e r e n t i a l growth 
and atrophy of muscle f i b r e s r a t h e r than to the formation 
of new end-plates. Such a change i n the arrangement of 
end-plates and muscle f i b r e s has been invoked by Sacco, 
Buchthal & Eosenfalck (1962) to e x p l a i n the i n c r e a s e i n the 
mean s i z e of motor u n i t s a f t e r the s i x t h decade of l i f e i n man. 
A s i m i l a r i n c r e a s e i n the mean s i z e of motor u n i t s 
i n the extensor digitorum b r e v i s (EDB) muscle of older s u b j e c t s 
has been observed by Campbell & McComas (1970) who regard 
c o l l a t e r a l regeneration as the most l i k e l y explanation. 
This view i s supported by the grouping of muscle f i b r e s of 
d i f f e r e n t h i s t o c h e m i c a l types i n EDB (Jennekens, Tomlinson 
& Walton, 1971) as found i n re-innervated muscles (Romanul 
& van der Meulen, 1967; Y e l l i n , 1967). However, Jennekens 
et a l . (1971) r a i s e the p o s s i b i l i t y that the marked type grouping 
i n EDB may be the r e s u l t of trauma due to pressure from shoes on 
the muscle or i t s nerve. That pressure can cause d e l e t e r i o u s 
changes i n the p r o p e r t i e s of nerve f i b r e s has been shown by 
F u l l e r t o n & G i l l i a t t (1967). Nonetheless, other muscles, 
l e s s obviously s u b j e c t to trauma, showed s i m i l a r , l e s s marked, 
grouping, and McComas considers that v a s c u l a r i n s u f f i c i e n c y 
may be s i g n i f i c a n t (personal communication). 
Thus, the p o s s i b i l i t y that a t l e a s t some of the 
v a r i a t i o n s i n the morphology of motor end-plates may be due 
to the e f f e c t s of trauma must be considered, and may be of 
s p e c i a l importance i n older animals which have not been reared 
under l a b o r a t o r y c o n d i t i o n s . However, i t seems u n l i k e l y that 
d i r e c t i n j u r y of the muscle can be an important source of 
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v a r i a t i o n , s i n c e e n d - p l a t e s showing e v i d e n c e o f growth or 
d e g e n e r a t i o n and complex e n d i n g s a r e u s u a l l y found i n t e r m i n a l 
s p r a y s c o n t a i n i n g n o r m a l , s i m p l e T l e n d - p l a t e s . The p o s s i b i l i t y 
o f a more d i f f u s e change i n e n d - p l a t e s r e s u l t i n g from n e r v e 
trauma or v a s c u l a r i n s u f f i c i e n c y cannot be e x c l u d e d . 
k.2 Muscle f i b r e s 
The two most s t r i k i n g f e a t u r e s o f t h e m u s c l e f i b r e s 
i n a g e i n g a n i m a l s were the d i m i n u t i o n i n t h e i r numbers and 
t h e i r i n c r e a s e d mean d i a m e t e r . A l o s s o f m u s c l e f i b r e s w i t h 
a g e i n g h a s been r e p o r t e d i n v a r i o u s l i m b m u s c l e s of the r a t on 
the b a s i s o f both h i s t o l o g i c a l o b s e r v a t i o n s ( Y i e n g s t , B a r r o w s 
& Shock, 1959; Gutmann & H a n z l i k o v a , 1966; Rowe, 1969) and 
b i o c h e m i c a l d a t a (Andrew e_t a l . , 1959). A r e d u c t i o n i n t h e 
numbers o f muscle f i b r e s i n some human m u s c l e s i s i n d i c a t e d 
by the s m a l l e r t w i t c h t e n s i o n s i n m u s c l e s of o l d e r s u b j e c t s 
( C a m p b e l l & McComas, 1970). The mechanism of t h i s f i b r e l o s s 
i s unknown and a l t h o u g h e a r l y e s t i m a t i o n s of t h e numbers o f 
f i b r e s i n human v e n t r a l r o o t s showed a d e c l i n e w i t h a g e i n g 
(Duncan, 193^; Gar d n e r , 19^0), a s i m i l a r s t u d y i n t h e c a t 
f a i l e d to r e v e a l a s t a t i s t i c a l l y s i g n i f i c a n t d e c r e a s e (Moyer 
& K a l i s z e w s k i , 1958; Moyer, 1959), d e s p i t e t h e 'not uncommon' 
o c c u r r e n c e o f d e g e n e r a t i n g f i b r e s . Gutmann & H a n z l i k o v a (1966) 
were a l s o u n a b l e to show a d e c l i n e i n t h e number of a n e r v e 
f i b r e s i n the m u s c l e n e r v e s of s e n i l e r a t s . However, i t i s 
c l e a r t h a t the l o s s o f a v e r y s m a l l number of motoneurones 
would s u f f i c e i o a c c o u n t f o r the o b s e r v e d d e g e n e r a t i n g end-
p l a t e s and t h e l o s s o f m u s c l e f i b r e ^ , s i n c e each may form 
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o v e r 500 e n d - p l a t e s (McPhedran, Wuerker & Henneman, 1965; 
Wuerker, McPhedran & Henneman, 1965). I t i s t h e r e f o r e p o s s i b l e 
t h a t the v a r i a t i o n between i n d i v i d u a l s i n the number of c e l l s 
o r f i b r e s i s g r e a t enough to mask s m a l l d e c r e m e n t s . 
Even i f t h e r e i s no d e m o n s t r a b l e l o s s of n e u r a l 
e l e m e n t s i n a g e i n g , t h e d e l e t e r i o u s changes i n t h e n e u r o m u s c u l a r 
s y s t e m may be due to the i m p a i r e d m e t a b o l i s m o f the motoneurone, 
a s s u g g e s t e d by Gutmann, H a n z l i k o v a & Jakoubek (1968). A 
s i m i l a r c o n c e p t of ' s i c k ' motoneurones h a s been proposed by 
McComas e_t a l . (1971) to e x p l a i n the u n d e r l y i n g mechanism of 
n e u r o m u s c u l a r d i s e a s e , and h a s been e x t e n d e d to c o v e r the 
changes o c c u r r i n g d u r i n g t h e a g e i n g p r o c e s s (McComas, 
p e r s o n a l c o m m u n i c a t i o n ) . 
F i n a l l y , t h e p o s s i b i l i t y o f some k i n d o f v a s c u l a r 
i n s u f f i c i e n c y must be c o n s i d e r e d i n v i e w o f some o b s e r v a t i o n s 
on a g e i n g human s u b j e c t s . Thus, t h e bl o o d v e s s e l s of p e r i p h e r a l 
n e r v e s o f t e n have t h i c k e n e d w a l l s , o c c a s i o n a l l y l e a d i n g to complete 
o c c l u s i o n ( C o t t r e l l , 19^0), w h i l e the maximal r a t e o f blood f l o w 
i s s i g n i f i c a n t l y r e d u c e d i n the f o o t and the p e r i p h e r a l r e s i s t a n c e 
o f t h e whole l i m b i s s i g n i f i c a n t l y i n c r e a s e d ( A l l w o o d , 1958). 
The i n c r e a s e d mean muscle f i b r e d i a m e t e r i n o l d e r c a t s 
i s a s l i g h t l y u n e x p e c t e d f i n d i n g , s i n c e m u s c l e w a s t i n g i s a 
c h a r a c t e r i s t i c f e a t u r e o f a g e i n g . V a r i o u s w o r k e r s have 
r e p o r t e d h y p e r t r o p h i e d muscle f i b r e s i n e l d e r l y s u b j e c t s 
( R u b i n s t e i n , 1960; S e r r a t r i c e , Roux & Aquaron, 1968; 
Je n n e k e n s e_t a l . , 1971) and R u b i n s t e i n h a s s u g g e s t e d t h a t t h e y 
a r e c o m p e n s a t i n g f o r the a t r o p h y and l o s s o f o t h e r muscle f i b r e s . 
S e r r a t r i c e e_t a l . (1968) a l s o n o t e d t h e o c c u r r e n c e o f f i b r e 
s p l i t t i n g w h ich has been a s s o c i a t e d w i t h i n c r e a s i n g f u n c t i o n a l 
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demands upon the m u s c l e ( v a n L i n g e , 1962), but t h e y were 
u n a b l e to e x c l u d e an i s c h a e m i c f a c t o r i n t h e i r p a t i e n t s . 
The i n c r e a s e d muscle f i b r e d i a m e t e r w i t h a s h i f t 
t o the r i g h t of the d i s t r i b u t i o n ( F i g . 10) r e s e m b l e s t h a t 
seen i n r a t m u s c l e s a f t e r s u r g i c a l l y - i n d u c e d h y p e r t r o p h y 
(Rowe & G o l d s p i n k , 1968) and e x e r c i s e ( G o l d s p i n k , 1964). 
T h i s q u e s t i o n o f i n c r e a s i n g f u n c t i o n a l demands on the m u s c l e 
w i l l be r e t u r n e d to i n the s u b s e q u e n t s e c t i o n . 
FIGURE 19. Schema of t h e h y p o t h e s i s of e n d - p l a t e e l a b o r a t i o n 
a ) E a r l y i n development the muscle f i b r e s 
a p p a r e n t l y r e c e i v e m u l t i - a x o n t e r m i n a l s 
( R e d f e r n , 1970; F i d z i a n s k a , 1971). 
b) T h i s i s s u b s e q u e n t l y r e d u c e d to the a d u l t 
e n d - p l a t e , t y p i c a l l y o f the T l form. 
c ) A s p r o u t grows out from a node towards 
the p a r e n t e n d i n g . 
d) The n o d a l s p r o u t c o n t r i b u t e s axon 
t e r m i n a l s to the p a r e n t e n d i n g . 
e ) Subsequent m y e l i n a t i o n o f the c o n t r i b u t i o n 
l e a d s t o the f o r m a t i o n of a T2 e n d - p l a t e . 
f ) F u r t h e r e l a b o r a t i o n i n t h i s way r e s u l t s i n 
t h e f o r m a t i o n of more complex e n d - p l a t e s . 
Q 
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5. The e l a b o r a t i o n h y p o t h e s i s 
The h y p o t h e s i s t h a t t h e growth c o n f i g u r a t i o n s 
o b s e r v e d i n the m u s c l e s o f young a d u l t c a t s a r e s u c c e s s i v e 
s t a g e s i n a p r o c e s s l e a d i n g to t h e f o r m a t i o n o f more complex 
e n d - p l a t e s h a s been b r i e f l y s t a t e d above ( R e s u l t s , k), and i s 
i l l u s t r a t e d d i a g r a m m a t i c a l l y i n F i g . 19. T h i s c o n c e p t was 
f o r m u l a t e d to a c c o u n t f o r a l l the o b s e r v a t i o n s , e s p e c i a l l y 
the i n c r e a s e d , o c c u r r e n c e o f complex e n d - p l a t e s i n a g e i n g a n i m a l s 
and w i l l now be examined i n d e t a i l . 
I t h as been demonstrated t h a t s u r g i c a l l y - i n d u c e d 
h y p e r t r o p h y o f the m u s c l e i n c r e a s e s the p r o p o r t i o n s of the 
more complex forms o f t h e e n d - p l a t e ( R e s u l t s , 7 ) , and i t i s 
s u g g e s t e d t h a t the f o r m a t i o n o f complex e n d - p l a t e s i s a r e s p o n s e 
to the i n c r e a s i n g demands made upon the n e u r o m u s c u l a r s y s t e m . 
I n the f o l l o w i n g p a r a g r a p h s i t w i l l be shown t h a t i n c r e a s i n g 
f u n c t i o n a l demands a r e i n f a c t b e i n g made throu g h o u t the l i f e 
o f the c a t . 
I t i s known t h a t the e n d - p l a t e s o f immature a n i m a l s 
a r e v e r y s m a l l , o f t e n c o n s i s t i n g o f a s i n g l e axon t e r m i n a l , 
and have s i m p l e SNA. ( C o . j r s , 1955; Nystrom, 1968a, b ) . 
S u b s e q u e n t l y , t h e y assume the more complex a d u l t form w i t h 
s e v e r a l axon t e r m i n a l s and a s u b - d i v i d e d SNA. I t i s i n t e r e s t i n g 
t h a t e n d - p l a t e s of the T2 form were seen i n m u s c l e s from k i t t e n s 
o f 10 weeks o l d , about the time t h a t the e n d - p l a t e s a r e becoming 
f u l l y d i f f e r e n t i a t e d (Nystrom, 1968a, b ) . C l e a r l y , a t t h e same 
time t h e r e i s a c o a s i d e r a b l e i n c r e a s e i n the w o r k - l o a d imposed 
upon bo t h muscle f i b r e s and t.-nd-plates a s the a n i m a l becomes 
l a r g e r arid more a c t i v e . The i n c r e a s e i n the a r e a o f s y n a p t i c 
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c o n t a c t by the development of g r e a t e r numbers of axon t e r m i n a l s 
can be s e e n a s a r e s p o n s e to t h i s i n c r e a s i n g l o a d , and the 
l a t e r i n v o l v e m e n t of the more p r o x i m a l p a r t s o f the t e r m i n a l 
axon to form more complex e n d - p l a t e s a s an e x t e n s i o n of t h i s 
p r o c e s s . 
The p r e s e n c e of T2 e n d - p l a t e s i n s u c h young a n i m a l s 
i n d i c a t e s t h a t some e n d i n g s a r e v e r y s e n s i t i v e to t h e 
i n c r e a s e d demands: made upon them. A l t e r n a t i v e l y , some T2 
e n d i n g s may a r i s e due to ' a c c i d e n t s of development' i n t h e 
same way t h a t the c o l l a t e r a l b r a n c h i n g of t e r m i n a l axons d o e s . 
The p r e s e n c e of an u n s p e c i f i e d p r o p o r t i o n of complex e n d - p l a t e s 
e a r l y i n development i n no way undermines the c o n c e p t of end-
p l a t e e l a b o r a t i o n , s i n c e i t r e s t s p r i n c i p a l l y upon the u n e q u i v o c 
i n c r e a s e i n t h e i n c i d e n c e of s u c h forms w i t h i n c r e a s i n g age. 
The body w e i g h t s of the 6, 10, 15 and 18 y e a r o l d 
c a t s o f t h e p r e s e n t s t u d y v/ere 5.53 ? 4.40, 2.60 and 2.25kg, 
r e s p e c t i v e l y . T h i s i n d i c a t e s t h a t i t c o n t i n u e s to r i s e 
t h r o u g h o u t a d u l t h o o d , beyond the normal l i f e span of 10 y e a r s , 
a f t e r w h i c h s e n i l e w a s t i n g o c c u r s . S i m i l a r o b s e r v a t i o n s on 
t h e r a t have been r e c o r d e d (Rowe, 1969). An i n c r e a s i n g 
body w e i g h t w i l l impose a g r e a t e r f u n c t i o n a l l o a d upon the 
n e u r o m u s c u l a r s y s t e m and may be to some e x t e n d i n d e p e n d e n t 
o f the a c t i v i t y of t h e a n i m a l . 
The r e s p o n s e of m u s c l e f i b r e s to an i n c r e a s e d work-
l o a d i s an i n c r e a s e i n the amount of c o n t r a c t i l e s u b s t a n c e , 
r e s u l t i n g i n a g r e a t e r mean f i b r e d i a m e t e r and an i n c r e a s e d 
muscle w e i g h t . The f a c t t h a t the d i s t r i b u t i o n o f the m u s c l e 
f i b r e d i a m e t e r s changes i n a manner a n a l o g o u s to t h a t s e en 
a f t e r h y p e r t r o p h y h a s been d i s c u s s e d e a r l i e r and s u p p o r t s 
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the i d e a of a c o n t i n u o u s l y i n c r e a s i n g w o r k - l o a d . F u r t h e r 
s u p p o r t can be adduced from the h i g h l y s i g n i f i c a n t c o r r e l a t i o n 
between muscle weight and body we i g h t o v e r the complete range 
o f ages examined ( F i g . 2 0 ) . Moreover, i f the f r e q u e n c i e s 
o f growth c o n f i g u r a t i o n s and complex e n d - p l a t e s i n s o l e u s 
m u s c l e s a r e r e v i e w e d from t h i s s t a n d p o i n t , t h e r e i s a good 
c o r r e l a t i o n w i t h body w e i g h t , a s s u m i n g t h a t s e n i l e w a s t i n g 
h a s o c c u r r e d i n the 18 y e a r o l d a n i m a l ( T a b l e . 
As a p o s t s c r i p t to the e l a b o r a t i o n h y p o t h e s i s , 
i t s h o u l d be added t h a t the ' t u r n o v e r ' of i n d i v i d u a l axon 
t e r m i n a l s cannot be e x c l u d e d d e s p i t e the f a i l u r e to f i n d 
d e g e n e r a t i n g forms i n the u l t r a s t r u c t u r a l p a r t of t h i s s t u d y . 
I n d e e d , growth of i n d i v i d u a l axon t e r m i n a l s i s g i v e n 
c i r c u m s t a n t i a l s u p p o r t by the o c c a s i o n a l o c c u r r e n c e of dense 
c o r e v e s i c l e s , w h ich have been i m p l i c a t e d i n the growth and 
r e g e n e r a t i o n of n e r v e f i b r e s ( L u l l m a n - R a u c h , 1971; Duchen, 
1971b). 
5.1 A p o s s i b l e c a u s e o f e l a b o r a t i o n 
A c c e p t i n g t h a t e n d - p l a t e s become more e l a b o r a t e 
a s a r e s p o n s e to i n c r e a s i n g demands upon the n e u r o m u s c u l a r 
s y s t e m , i t i s p o s s i b l e to s p e c u l a t e about th e c a u s e s of the 
p r o c e s s . 
When a m u s c l e f i b r e and i t s e n d - p l a t e a r e c a l l e d 
upon to be more a c t i v e t h a n b e f o r e ( i . e . when the f r e q u e n c y 
o f e x c i t a t i o n i s g r e a t e r o r more p r o l o n g e d ) , a c o n d i t i o n 
r e s e m b l i n g a p a r t i a l b l o c k of t r a n s m i s s i o n may o b t a i n . 
Thus, i n a s t a t e of p a r t i a l b l o c k , the r a t e of s t i m u l a b i o n 
r e m a i n s c o n s t a n t w h i l e the f u n c t i o n a l s y n a p t i c a r e a i s 
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e f f e c t i v e l y reduced, but, i n normal muscles, i f the r a t e of 
s t i m u l a t i o n i s i n c r e a s e d , the e x i s t i n g synaptic area may be 
inadequate, r e s u l t i n g i n an analogous s i t u a t i o n . 
Now, a s t r i k i n g feature of end-plates whose transmission 
has been blocked by t o x i n s i s an extensive sprouting of the 
terminal axons (Duchen & S t r i c h , 1968; Duchen, 1971b; 
Duchen, S t o l k i n & Tonge, 1972). Hence, i t may be i n f e r r e d 
that e l a b o r a t i o n i s a much more l i m i t e d version of the same 
process, r e s u l t i n g i n a higher d e n s i t y of axon terminals for 
the same, or a s l i g h t l y enlarged, t o t a l end-plate area. T h i s 
i n c r e a s e d density of axon ter m i n a l s would, r e s u l t i n an i n c r e a s e 
i n the f u n c t i o n a l synaptic surface area of the end-plate, 
thus overcoming the p a r t i a l block. 
I t i s conceivable that the addition of a non-myelinated 
c o n t r i b u t i o n may be s u f f i c i e n t to cope with a small f u n c t i o n a l 
d e f i c i t by conducting some, but not a l l , of the impulses from 
the parent nerve f i b r e ( c f . Morris & Woolf, 1970), hence some 
co n t r i b u t i o n s may be semi-permanent. However, a f u r t h e r 
i n c r e a s e would require improved conduction p r o p e r t i e s and 
myelination would occur. 
In t r u l y s e n i l e animals, where there i s a d e c l i n e 
i n the demands made upon the neuromuscular system, growth may 
s t i l l occur as a response to impaired neuromuscular transmission 
caused by the d e l e t e r i o u s changes i n the u l t r a s t r u c t u r e of the 
end-plate (Gutmann e_t a l . , 1971) or i n the neurone i t s e l f 
(Gutmann e_t aJL. , 1968). Again, the apparently abortive 
sprouting seen i n the muscles of ageing c a t s i s reminiscent 
of that seen a f t e r blocking neuromuscular tr a n s m i s s i o n . 
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6. C o n c l u d i n g r e m a r k s 
There a r e two a s p e c t s o f w i d e r i n t e r e s t which may 
be n o t e d a t t h i s j u n c t u r e . F i r s t l y , the development of a 
d e s c r i p t i v e n o m e n c l a t u r e has made i t p o s s i b l e to q u a n t i f y 
i n c o n s i d e r a b l e d e t a i l the morphology of motor e n d - p l a t e s . 
From t h i s q u a n t i f i c a t i o n have emerged c l e a r d i f f e r e n c e s 
i n the morphology of e n d - p l a t e s from d i f f e r e n t m u s c l e s . 
Such d i f f e r e n c e s make i t e s s e n t i a l t h a t a l l f u t u r e s t u d i e s 
of the e f f e c t s of e x p e r i m e n t a l or p a t h o l o g i c a l c o n d i t i o n s 
on the morphology o f the t e r m i n a l i n n e r v a t i o n s h o u l d i n c l u d e 
an a n a l y s i s o f the range of v a r i a t i o n i n the normal m u s c l e . 
S e c o n d l y , the modern view of the t e r m i n a l i n n e r v a t i o n , 
and i n p a r t i c u l a r t h e motor e n d - p l a t e , a s a l a b i l e e n t i t y , i s 
f u l l y c o n f i r m e d by the p r e s e n t s t u d y . Moreover, t h i s l a b i l i t y 
i s u n d e r s t a n d a b l e i n terms of an a d a p t i v e r e s p o n s e to a 
p h y s i o l o g i c a l need, w h i c h i s a l l t h e more i m p r e s s i v e b e c a u s e 
i t t a k e s p l a c e a t t h e l o w e s t l e v e l o f t h e h i e r a r c h y of the 
motor s y s t e m ( W e i s s , 1 9 4 l ) . 
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PLATE I . T l end-plates from PDQ muscles of young adult c a t s 
A l l to the same s c a l e . 
The axon te r m i n a l s are u s u a l l y fine and end i n 
d e l i c a t e tapers and are quite numerous. However, 
knob and r i n g endings do occur (e - f ) and 
o c c a s i o n a l l y the axon terminals have a coarser 
appearance ( b ) . 
In (d) one axon terminal takes o r i g i n high up on 
the preterminal region and ends i n a s l i g h t s w e l l i n g 
and could therefore be i n t e r p r e t e d as a preterminal 
sprout (see R e s u l t s 1.2). 
C a p i l l a r i e s (cap.) are frequently a s s o c i a t e d with 
end-plates. Figure (a) i l l u s t r a t e s a terminal spray 









PLATE I I . Complex e n d - p l a t e s from PDQ m u s c l e s of young a d u l t c a t s 
A l l to the same s c a l e . 
a ) T2 e n d i n g . The t e r m i n a l axon d i v i d e s a t the 
p e n u l t i m a t e node and the two b r a n c h e s b e a r 
a p p r o x i m a t e l y e q u a l numbers of axon t e r m i n a l s . 
b) T2 e n d i n g . The t e r m i n a l axon d i v i d e s a t the 
t e r m i n a l node. The b r a n c h to the l e f t b e a r s 
fewer axon t e r m i n a l s . 
c ) T2 e n d i n g . The two b r a n c h e s o f the t e r m i n a l 
axon a r i s e from a node and a r e of u n e q u a l l e n g t h , 
the one t o the l e f t h a v i n g a node ( n . ) . The 
two b r a n c h e s b e a r a p p r o x i m a t e l y e q u a l numbers 
of axon t e r m i n a l s . 
d) T2 e n d i n g s . I n each c a s e the d i v i s i o n o f the 
t e r m i n a l axon i s a t a more p r o x i m a l node ( n . ) 
than i s commonly found. The numbers of axon 
t e r m i n a l s formed by each .myelinated b r a n c h of 
the t e r m i n a l axon a r e a p p r o x i m a t e l y e q u a l i n 
the e n d i n g to the l e f t , and m a r k e d l y u n e q u a l 
i n the e n d i n g to the r i g h t . 
e ) T3 e n d i n g . A l l t h r e e m y e l i n a t e d b r a n c h e s of 
the t e r m i n a l axon a r i s e from t h e same node ( n . ) . 
The t o t a l number of axon t e r m i n a l s i s not 
g r e a t e r t h a n i n T2 e n d - p l a t e s ( c f . a - d ) . 
f ) T4 e n d i n g . B r a n c h i n g o c c u r s a t two s e p a r a t e 
nodes. 
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PLATE I I I . C o l l a t e r a l b r a n c h i n g of t e r m i n a l axons from 
PDQ m u s c l e s of young a d u l t c a t s 
I n each c a s e the node ( n . ) a t which b r a n c h i n g o c c u r s 
i s i n d i c a t e d . F i g u r e s a, c and d a r e to the same 
s c a l e . 
a ) Both e n d - p l a t e s a r e of t h e T l form. 
b) The two c o l l a t e r a l e n d - p l a t e s l i e on w i d e l y 
s e p a r a t e d muscle f i b r e s . Both e n d i n g s r e c e i v e 
c o n t r i b u t i o n s showing the t h i c k e n i n g i n t e r p r e t e d 
a s m y e l i n a t i o n . 
c ) The t e r m i n a l axon d i v i d e s i n the s m a l l i n t r a -
m u s c u l a r n e r v e t r u n k . One b r a n c h forms the 
two e n d - p l a t e s .shown, w h i l e the o t h e r r e m a i n s 
i n the t e r m i n a l n e r v e bundle and e v e n t u a l l y 
forms a t h i r d e n d - p l a t e . 
d) The b r a n c h e s of the b i f u r c a t e d t e r m i n a l axon a r e 
s h o r t and the e n d - p l a t e s l i e v e r y c l o s e t o g e t h e r 
on a d j a c e n t muscle f i b r e s . Such c o n f i g u r a t i o n s 
must be c a r e f u l l y d i s t i n g u i s h e d from t h e 














PLATE I V . D e g e n e r a t i n g motor e n d - p l a t e s from young a d u l t 
PDQ m u s c l e s 
A l l to the same s c a l e . 
a ) Degenei-ating e n d - p l a t e from a normal m u s c l e . 
The axon t e r m i n a l s have l o c a l t h i c k e n i n g s , 
t y p i c a l of the e a r l y phase of d e g e n e r a t i o n 
( c f . F i g . c ) . 
b) D e g e n e r a t i n g e n d - p l a t e from a normal m u s c l e . 
The axon t e r m i n a l s have the s w o l l e n , s l i g h t l y 
r e t r a c t e d appearance c h a r a c t e r i s t i c o f the 
middle phase of d e g e n e r a t i o n . 
c - d) C o n f i g u r a t i o n s comparable t o F i g s , a - b 
seen Zkhr a f t e r s e c t i o n o f the muscle n e r v e . 
e ) The e n d - p l a t e (d.p_!L. ) i n the c e n t r e i s 
c o m p l e t e l y broken down and the d i s t a l axons 
a r e r e p l a c e d by a x o n a l d e b r i s . That the 
changes a f t e r n e r v e s e c t i o n a r e not 
s y n c h r o n o u s i n a l l e n d - p l a t e s i s shown by 
the i n t a c t e n d - p l a t e on t h e l e f t ( 5 ^ h r 
a f t e r n e r v e s e c t i o n ) . 
f ) A' T2 e n d - p l a t e w i t h s l i g h t l y i n f l a t e d axon 
t e r m i n a l s h a s a v e s i c u l a r a x o n i c s w e l l i n g ( v . ) 
on an axon t e r m i n a l . The t e r m i n a l axon 
b i f u r c a t e s a t a r e l a t i v e l y p r o x i m a l node ( n . ) 














A T l e n d - p l a t e (d.p_l^) i n e a r l y d e g e n e r a t i o n a d j a c e n t to 
a n o r m a l T l e n d - p l a t e ( U n o p e r a t e d ) . 
A T2 e n d - p l a t e i n e a r l y d e g e n e r a t i o n (d.p_l. ) o c c u r s i n 
a t e r m i n a l s p r a y c o n t a i n i n g two normal e n d - p l a t e s , one 
of w h ich i s o f the T2 form. The s o l e - p l a t e n u c l e i (s_.p_. 
a r e s t a i n e d , showing t h a t the T2 e n d - p l a t e s e a c h have but 
s i n g l e s o l e - p l a t e . A c a p i l l a r y ( c a p . ) i s a l s o s l i g h t l y 
s t a i n e d ( U n o p e r a t e d ) . 
PLATE V. D e g e n e r a t i n g motor e n d - p l a t e s from p e r o n e a l m u s c l e s 
o f normal young a d u l t c a t s 
A l l the f i g u r e s a r e from t e a s e d s i l v e r p r e p a r a t i o n s 
and a r e to the same s c a l e , 
a - c ) E n d - p l a t e s w i t h c o a r s e , s l i g h t l y s w o l l e n axon 
t e r m i n a l s , t y p i c a l o f the e a r l y phase of 
d e g e n e r a t i o n (PDQ). 
d) Two e n d - p l a t e s i n a more advanced s t a g e of 
d e g e n e r a t i o n , w i t h somewhat i n f l a t e d and r e t r a c t e d 
axon t e r m i n a l s , A w e l l - d e v e l o p e d c o n t r i b u t i o n ( c . ) 
i s a l s o d e g e n e r a t i n g , h a v i n g a l r e a d y l o s t i t s axon 
t e r m i n a l s . P a r t of a normal e n d - p l a t e i s i n c l u d e d 
t?.t t h e upper r i g h t f o r comparison (PDQ). 
e ) The upper e n d - p l a t e h a s undergone s e v e r e r e t r a c t i o n 
and the axon t e r m i n a l s a r e i n f l a t e d . The l o w e r 
e n d - p l a t e i s normal i n a p p e a r a n c e (PDQ). 
f ) The axon t e r m i n a l s of the e n d - p l a t a to the r i g h t 
of the f i g u r e a r e s l i g h t l y r e t r a c t e d and i n f l a t e d . 
Two f i n e axon t e r m i n a l s end i n s w e l l i n g s . The 
e n d - p l a t e to the l e f t i s n o r m a l * ( P L ) . 
g) Advanced r e t r a c t i o n and i n f l a t i o n of t h e axon 
t e r m i n a l s h a s o c c u r r e d . The n o d a l s p r o u t ( n . s p . ) ' 
h a s a c o a r s e r a p p e a r a n c e than i s u s u a l , s u g g e s t i n g 
t h a t i t too i s a f f e c t e d by the d e g e n e r a t i o n 






h) S e v e r e r e t r a c t i o n o f the axon t e r m i n a l s , t y p i c a l of the 
m i d d l e phase of d e g e n e r a t i o n ( P B ) . 
i ) The axon t e r m i n a l s a r e a l m o s t c o m p l e t e l y r e t r a c t e d and 
have the g r a n u l a r a p p e a r a n c e c h a r a c t e r i s t i c o f the l a t e 
phase of d e g e n e r a t i o n (PDQ). 
PLATE VI. Growth co n f i g u r a t i o n s from peroneal muscles of 
normal young adult c a t s 
A l l the f i g u r e s are from teased s i l v e r preparations 
and are to the same s c a l e . 
a) T l end-plate r e c e i v i n g a nodal sprout (n.sp.) 
which a r i s e s from the penultimate node and ends 
i n a growth cone c l o s e to the axon terminals 
of the parent ending. 
b) The nodal sprout (n.sp.) a r i s e s from the 
penultimate node and ends very c l o s e to the axon 
terminals of the parent ending. 
c - d) T l end-plates r e c e i v i n g c o n t r i b u t i o n s ( c ) . 
The s o l e - p l a t e n u c l e i (s.p.n.) are s t a i n e d , 
c l e a r l y showing that the c o n t r i b u t i o n s terminate 
on the s o l e - p l a t e of the parent ending. In F i g . d 
the c o n t r i b u t i o n a r i s e s from the terminal node. 
e) A T l end-plate ( l e f t ) r e c e i v e s a nodal sprout 
which a r i s e s from the terminal node and ends 
among the axon terminals of the parent ending. 
A T2 ending ( r i g h t ) r e c e i v e s a c o n t r i b u t i o n ( c . ) . 
f ) Terminal spray of motor end-plates. The two 
lower end-plates r e c e i v e c o n t r i b u t i o n s with 
thickened axons, considered as i n d i c a t i n g the* 
myelination i s o c c u r r i n g ( m y . c ) . The two 
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PLATE V I I . Growth c o n f i g u r a t i o n s from the PDQ muscles 
of young adult c a t s 
The ending i n F i g . c i s from a muscle denervated 
2khv before s t a i n i n g ; the other endings are from 
unoperated animals. A l l the f i g u r e s are to the 
same s c a l e . 
a) The T l end-plate r e c e i v e s a nodal sprout (n.sp.) 
that ends i n a f i n e taper close to the axon 
terminals of the parent ending. 
b) T l end-plate r e c e i v i n g a c o n t r i b u t i o n ( c ) . 
c) T2 ending r e c e i v i n g a c o n t r i b u t i o n ( c . ) which 
shows l o c a l i s e d thickening, i n t e r p r e t e d as 
m y e l i n a t i o n . 
d) The end-plate to the l e f t r e c e i v e s a c o n t r i b u t i o n 
( c . ) that forms more axon terminals than the 
parent ending. The axon terminals of the parent 
ending and the c o n t r i b u t i o n are intermingled. 
The end-plate to the r i g h t r e c e i v e s an ' e a r l y ' 
c o n t r i b u t i o n that forms only two extremely f i n e 
axon t e r m i n a l s . 
e) T l end-plate with a c o n t r i b u t i o n that forms 
the same number of axon terminals as the 
parent ending. 
f ) T2 end-plate with a nodal sprout (n.sp.) which 
a r i s e s from a node (n.) d i s t a l to the b i f u r c a t i o n 
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T l end-plate r e c e i v i n g a c o n t r i b u t i o n which a r i s e s 
from the terminal node (n.) and forms very few 
axon t e r m i n a l s . 
The c o n t r i b u t i o n ( c . ) forms many more axon terminals 
than the parent ending. 
PLATE V I I I . ( i ) . End-plates from the soleus muscle of a 
normal young adu l t cat (C25*0 
a - g) The end-plates are of a g e n e r a l l y simpler and 
coarser appearance than those of PDQ ( P l a t e s 
I - V). Figure ( e ) shows a c o l l a t e r a l end-
p l a t e formed by non-myelinated outgrowths from 
a node (x750). 
( i i ) End-plates and muscle f i b r e s from teased 
histochemical preparations 
h) Sub-neural apparatus (SNA) of a PDQ muscle of 
a new-born k i t t e n . The SNA are much smaller 
and simpler than those of the adult ( c f . i - 1) 
although some d i f f e r e n t i a t i o n i s d i s t i n g u i s h a b l e , 
Teased AChE preparation ( x l 8 0 ) . 
F i g u r e s i - j i l l u s t r a t e examples of SNA and 
muscle f i b r e s from a combined AChE and SDH 
preparation of peroneal muscles of a normal 
young adult cat (x500). 
i ) The uppermost muscle f i b r e i s of intermediate 
SDH a c t i v i t y , the second and lowest f i b r e s are 
of high SDH a c t i v i t y ( d a r k ) . A f i b r e of low 
a c t i v i t y ( l i g h t ) i s a l s o shown. 
j ) SNA of a muscle f i b r e of low SDH a c t i v i t y . 










k) SNA of l i g h t (upper) and intermediate (lower) muscle 
f i b r e s . The l a t t e r i s more compact. 
1) SNA of l i g h t (upper) and dark (lower) muscle f i b r e s . 
The l a t t e r i s seen i n p r o f i l e (arrow) and i s small 
and dense. 
PLATE IX. Motor end-plates from muscles of a ten year 
old cat (C29*0 
a) T l end-plate r e c e i v i n g a nodal sprout ( n . s p . ) , 
which a r i s e s from the terminal node. The 
numerous s o l e - p l a t e n u c l e i are sta i n e d , 
c l e a r l y showing that the sprout ends on 
the s o l e - p l a t e of the parent ending (PDQ). 
b) T2 ending r e c e i v i n g a c o n t r i b u t i o n ( c . ) 
with s l i g h t t h i c k e n i n g proximally. The 
termi n a l s of the c o n t r i b u t i o n l i e among 
those of the parent ending (PDQ). 
c) Two end-plates with c o n t r i b u t i o n s ( c . ) which 
show the thickening of t h e i r axons, considered 
as i n d i c a t i n g myelination. The end-plate to 
the l e f t has two c o n t r i b u t i o n s , one from each 
of the l a s t two nodes. To the r i g h t , the axon 
term i n a l s of the c o n t r i b u t i o n are among those 
of the parent ending. S o l e - p l a t e n u c l e i and 
a c a p i l l a r y are v i s i b l e (PDQ). 
d) A T l end-plate i n the middle phase of 
degeneration. The term i n a l s of the 
co n t r i b u t i o n ( c . ) are a l s o swollen (PDQ). 
e) Soleus end-plate with the i n f l a t e d axon 
term i n a l s of the middle phase of degeneration. 
f ) Tk end-plate i n p r o f i l e . The o u t l i n e of the 
eminence of Doyere i s v i s i b l e and a l l the axon 








• i u.sp 
15um I 

A v e s i c u l a r axonic s w e l l i n g on a small intramuscular 
nerve trunk (PDQ). 
A terminal axon branches at a node (n.) g i v i n g r i s e 
to two end-plates. The upper T l end-plate r e c e i v e s 
a b i - f u r c a t i n g nodal sprout (n.sp.) which ends i n two 
v e s i c u l a r axonic s w e l l i n g s ( v . ) . The lower c o l l a t e r a l 
end-plate i s of the T2 form and the two branches c l e a r l y 
end on the same s o l e - p l a t e (PDQ). 
V e s i c u l a r axonic s w e l l i n g ( v . ) on a c o i l e d terminal axon 
which forms a normal T l end-plate (PDQ). 
A T2 end-plate with an u l t r a t e r m i n a l sprout (u.sp.) which 
ends i n a double v e s i c u l a r axonic s w e l l i n g ( v . ) , a short 
distance from the parent ending (PDQ). 
PLATE X. End-plates from the soleus muscle of an 18 year 
old cat (C296) 
A l l to the same s c a l e , 
a - b) T l end-plates of s i m i l a r appearance to those 
of young adult muscles, 
c) T2 end-plate with short, coarse axon 
t e r m i n a l s . 
d - e) T l end-plates with few axon t e r m i n a l s . 
f ) T2 end-plates of s i m i l a r appearance to those 
of young adult muscles. 
g) T l end-plate r e c e i v i n g a thickened c o n t r i b u t i o n 
( c . ) which a r i s e s from a proximal node ( n . ) . 
The axon terminals are few and shorb ( c f . 
F i g . f ) . 
h) Two T2 end-plates r e c e i v i n g c o n t r i b u t i o n s ( c ) . 
In the case of the end-plate to the l e f t , the 
axon t e r m i n a l s of the c o n t r i b u t i o n l i e among 
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PLATE X I . End-plates from the soleus muscle of an l 8 year 
old cat (C296) 
Figures a, b are to the same scale. Figures c 
and e are to the same scale as Figure d. 
a - b) The upper and lower surfaces of a single 
muscle f i b r e are shown separately to i l l u s t r a t e 
the complex r a m i f i c a t i o n s of the ending which 
pass round the muscle f i b r e . The terminal 
axon forms three myelinated branches. 
c) A nodal sprout (n.sp.) arises from the terminal 
node (n.) and passes beyond the sole-plate of 
the parent ending and wanders over the surface 
of the muscle f i b r e . A camera l u c i d a drawing 
of t h i s ending i s shown i n Figure 9. 
d) The upper ending receives a c o n t r i b u t i o n which 
i s apparently myelinating. The axon terminals 
of the parent ending have a stubby appearance. 
The lower (T2) ending has fewer coarse axon 
terminals. 
e) A te r m i n a l axon bears a ve s i c u l a r axonic 
s w e l l i n g ( v . ) . The end-plate does not d i f f e r 
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PLATE X I I . Motor end-plates from a hypertrophied soleus 
muscle (C306) 
Figure (a) was photographed w i t h an o i l immersion 
lens; the remainder are to the same scale. 
a) The termi n a l axon forms a short, branched 
c o n t r i b u t i o n ( c ) , which g r e a t l y increases 
the t o t a l area of the end-plate. The myelin 
sheath d i s t a l to the node from which the 
c o n t r i b u t i o n arises i s c l e a r l y v i s i b l e . 
The numerous sole-plate n u c l e i are w e l l 
stained. 
b) T2 end-plate with numerous f i n e axon 
term i n a l s . 
c) Simple T l ending. The axon terminals are 
longer and more d e l i c a t e than those commonly 
found i n the normal soleus. 
d) A sprout and a c o n t r i b u t i o n a r i s e from the 
term i n a l node ( n . ) . 
e) A T2 end-plate receives a long nodal sprout 
a r i s i n g from a r e l a t i v e l y proximal node. 
f ) Two end-plates w i t h the s l i g h t l y swollen 
axon terminals c h a r a c t e r i s t i c of the e a r l y 
phase of degeneration. (These endings are 
not c o l l a t e r a l , as may appear from the 













A T2 end-plate w i t h numerous very f i n e axon terminals. 
T*f end-plate. Three of the myelinated branches of 
the t e r m i n a l axon arise from the termi n a l node, while 
the f o u r t h arises from a more proximal node ( n . ) . 
PLATE X I I I . Histochemistry of PDQ and soleus muscle f i b r e s 
The s e r i a l sections shown i n Figs, a - c are 
from PDQ, and those i n Figs, d - f from soleus. 
A l l to the same scale. 
Figures a and d, b and e, c and f , are stained 
to show the a c t i v i t y of Pase, ATPase and SDH, 
r e s p e c t i v e l y . 
There are three f i b r e types i n PDQ : 
A f i b r e s w i t h a low SDH a c t i v i t y and high Pase and 
ATPase a c t i v i t i e s ; B f i b r e s w i t h the r e c i p r o c a l 
p a t t e r n of enzyme a c t i v i t y ; and C f i b r e s w i t h a 
high a c t i v i t y f o r a l l three enzymes. 
The soleus f i b r e s a l l have the same enzyme 
p r o f i l e ; low f o r both phosphorylytic enzymes and 
high w i t h SDH. The d i s t r i b u t i o n of the diformazan 
granules (SDH) d i f f e r s from t h a t of the B f i b r e s of 
PDQ. Some i n t r a f u s a l f i b r e s of the muscle spindle 
(m.sp.), connective tissue and c a p i l l a r i e s show a 
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PLATE XIV. Histochemistry of PB and PL muscle f i b r e s 
The s e r i a l sections shown i n Figs, a - c 
are from PB, and those i n Figs, d - f from PL. 
A l l to the same scale. 
The a c t i v i t i e s of Pase, ATPase and SDH are 
shown i n a and d, b and e, c and f , r e s p e c t i v e l y . 
The same three f i b r e types seen i n PDQ (Plate X I I ) 
are present. A muscle spindle (m.sp.) i s included 
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PLATE XV. U l t r a s t r u c t u r e of end-plates from the PDQ muscle 
of a young ad u l t cat (C298) 
a) Low power ele c t r o n micrograph of a motor end-
p l a t e . On the l e f t of the f i g u r e i s the most 
d i s t a l p o r t i o n of the t e r m i n a l axon (T.A.). 
The myelin sheath (my.) ends and there i s a 
short p r e t e r m i n a l region ( p t . r . ) continuous 
wi t h an axon t e r m i n a l . The nucleus of a 
Schwann c e l l (Sch.) i s present above the 
axon terminals (Ax.T.). Mitochondria ( r a i t . ) 
are present i n the axon terminals. The middle 
axon te r m i n a l contains a m u l t i v e s i c u l a r body 
(m.v.b.). At one edge of the ending i s a 
sole-plate nucleus. The secondary synaptic 
c l e f t s are few and short. 
b) L i g h t micrograph, ( o i l immersion) of a t h i n 
(approximately lp.m) section stained w i t h 
t o l u i d i n e blue. Parts of the p r o f i l e s of 
four muscle f i b r e s are v i s i b l e as w e l l as a 
motor end-plate (m.e.p.) and a myelinated 
nerve (my.nv.). Two Schwann c e l l n u c l e i 
(Sch.) and i n v e n t i n g Schwann c e l l processes 
can be d i s t i n g u i s h e d above the end-plate. 
An adjacent muscle f i b r e has a s a t e l l i t e 
c e l l nucleus (s.c.n.) w i t h a prominent dark 
c e n t r i o l e . 
Contd. 

High-power e l e c t r o n m i c r o g r a p h of p a r t o f a motor 
e n d - p l a t e . Two axon t e r m i n a l s a r e s e p a r a t e d by 
a Schwann c e l l p r o c e s s ( S c h . p . ) . T n e axon t e r m i n a l s 
c o n t a i n numerous s y n a p t i c v e s i c l e s ( S V ) . The p r i m a r y 
(PSC) and s e c o n d a r y s y n a p t i c c l e f t s ( S S C ) a r e c l e a r l y 
v i s i b l e and a r e more numerous and deeper than t h o s e 
i n F i g . a . (imp. = l n m ) . 
